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[FOURTH SERIES.] 


Art. XXX V.—On the Effect of Temperature and of Moisture 
on the Emanation of Phosphorus, and on a Distinction in 
the Behavior of Nuclei and of Ions; by C. Barus. 


Introduction. 


1. Object, etec—Endeavoring to differentiate the properties 
of the nucleus and the ion, it occurred to me that the effects 
of temperature, when worked out simultaneously by the volu- 
metric and by the electrical methods, would probably present 
a contrast. If the two functions relating to condensation and 
to electrical conduction are different, then their thermal varia- 
tions are not likely to be the same. The temperature which 
insures the maximum production does not also necessarily 
insure maximam instability. The results of the following 
paper bear out this surmise. 

— if phosphorus is to be used as an ionizer, some defi- 
nite knowledge as to the cause of its variable intensity is essen- 
tial from a practical point of view. The substance is so 
remarkably adapted for the purpose in many ways, that the 
endeavor to put it in control quantitatively is well worth while. 
This too, I think, has been accomplished. 

Finally I have shown that the low number of ions (n=2 x 10* 
per cubic centimeter) in the saturated phosphorus emanation, 
found from the experiments with the tubular condenser, is due 
to non-saturation. I have been able to nearly double this 
number, putting these results in accord with the data of plate 
and spherical condensers. Incidentally certain curious condi- 
tions under which the emanation produces permanent conduc- 
tion in the condenser is identified with the occurrence of traces 
of moisture. This behavior so closely resembles the effects of 
radio-activity, that the extreme caution needed before such a 
property can be predicated, becomes apparent. 
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Volumetric Comparisons, 


2. Apparatus.—The apparatus to investigate the relation of 
the emanating activity of phosphorus to temperature is shown 
in figure 1, the thermal part consisting of a coil of thin lead 
pipe (¢ inch bore), Z, submerged in a large water bath of cop- 
per, AB, 13™ high, 15™ broad, and 20™ long. There were 
21 turns of lead pipe, each turn 6™ in diameter. The air com- 
ing from the gasometer train by way of a desiccator at D, and 
a oe 4 cock, /’ (fine screw valve), traversed this considerable 
length of slendef tubing, fully taking the temperature of the 
water bath, thereafter to be discharged into the central straight 
pipe of brass, ab, 1:2 in diameter, containing the ionizers 
(not shown). The charged air is finally conveyed into the 
influx pipe of the color tube, C, by the removable short neck, 
G. A thermometer, ¢, is placed in the water bath; another 
may be inserted into the end, }, through a perforated cork, so 
as to be in contact with the ionizers. 

Care was taken that all changes of temperature should be 
slow. Thus it took 3 hours for the temperature to rise from 
5° to 13° in the following experiments, for instance. 

The ionizers, as usual, were strips of wire gauze, holdin 
thin pellets of phosphorus between them. They were feasted 
into, or removed from the tube, ad through 3. If saturation is 
aimed at, an excess of. freshly cut phosphorus surface should 


TABLE I.—Fffect of the temperature of phosphorus on its emanation. Steam 
jet method: p=4°5™; influx air at 27°-28°. 


10? x 10? 10? x 


Color. dV/dt. 6 Color. dV/dt Color. dV/di 0 
liter/min °C None 5°| 70 128° 
85 27° |None 6 Bl 65 12°8 
Bl+ 110 None eam 7 | opaque 80 12°8 
Puffs faint 82) Bl 75 130 
Bl 100 30°8 Puffs strong, 86 
90 30°77 greenish 90; BI 85 
Bl 95 28°6 Puffs bluish 93 | opaque 105 176 
100 28°6 Do. 9°8 
Bl 95 25°2 |Do. No perma- t 102 | Bl 90 31°3 
90 25:2 nent color “| Bl+ 110 30°8 
Bl 80 22°3. +|Greenishpermanent 10°7 | Bi 95 306 
Bl+ 90 223  |Faint yl. t sso | 90 
Bl— 61 188 green. Bl+ 105 . 32-4 
Bl 90 18:8 Blue gray 280 11°8 Bl 100 322 
Bl 75 18°8 Bl— 350 12°2 Bl+ 100 35°3 
Bl+ 115 18°8 All colors came out Bl 110 35°2 
Bl+ 60 13°2 intensely includ- } 128 | Bl 90 349 
Bl 60 13:2 ing opaque 
Bl 70 13°3 
opaque 100 13°3 


* BI, blue; Bl+, dark blue; BI—, light blue; yl, yellow. 
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be used. This was only done when specially called for in the 
present work, where the form of the temperature function is 
the chief consideration. 

3. Method and data.—The usual method of experiment was 
adopted, the liters per minute (d V/dt) of saturated phosphorus 
air necessary to produce the fiducial blue of the color tube, 
being observed at different temperatures. The data are given 
in Table I, in the first part of which observations for falling 
temperature, and in the second for rising temperature, are 
recorded. The pressure of the steam jet was about p=4 to 
6™. The inflowing air showed a temperature of 27° to 28°. 
The table contains some other colors (including opaque) for 
orientation. 

The chief data of the table are reproduced in the chart 
figure 3 (p. 334) and show the sudden cessation of reaction at 
12°-138°. 

4. Discussion.—For the sake of preliminary comparisons 
with the corresponding electrical charts given below, it is well 
to lay off 1/(d V/dt) in its variation with temperature: for this 
reciprocal runs parallel to the concentration of the emanation 
producing the color. The construction is given in figure 4, in 
which the sudden rise of activity in producing nuclei is apparent 
at 13°, and the subsequent gradual decline thereafter as far as 
examined, is again manifest. Anticipating data of subsequent 
paragraphs, I may add that the maximum ionizing activity is at 
20°, showing the two thermal relations to be non-coincident. 

The charts show in the first place, that as temperature falls 
from the highest admissible values, say 35°, the emanation of 
phosphorus actually increases* at a rate of about 2 per cent per 
fall of 1° C. The maximum activity occurs at about 13°, and 
is upwards of 25 per cent greater than at 30°. Between 12° 
and 13°, however, the emanation is quenched at an enormously 
rapid rate, falling just short of suddenness. Practically, there- 
fore, the reaction begins at about 13°, with full if not greatest 
intensity. 

Below 12°, the emanation is insignificant and the maximum 
permanent colors obtainable are faint blue grays, even when 
the gasometer flow is forced to, say 400 liters/minute. There 
are no opaques. Below 10° there were no permanent colors 
discernable. 

5. Here, however, and slightly above and below this tem- 
perature, definite puffs of color or of darkness are obtained 
immediately after opening the faucet suddenly. The phe- 
nomenon may be repeated indefinitely by closing the faucet 


*This increase may be due to the gradual thorough desiccation of the phos- 
phorus by the dry current of air. These grids were not dried preliminarily over 
calcium chloride. 
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for a period of 2-5 seconds (longer at the lower temperatures), 
and then suddenly opening it again. The puffs are at first 
vaguely recognized at about 8°, or even below. They become 
more marked as temperature rises. They are still marked at 
even 12°, when the fainter colors are beginning to be perma- 
nent. They show a maximum degree of darkness depending 
on temperature, beyond which they do not increase even if the 
cock is closed indefinitely. 

From a theoretical point of view this result is noteworthy. 
Below the reaction temperature (say 12°5°), what may be called 
the vapor pressure of the reaction is a definite quantity, but 
decreases with temperature at an enormously rapid rate; above 
the reaction temperature, the vapor pressure is relatively con- 
stant as temperature increases. All this recalls the well 
known analogy appropriated by the physical chemist. 

Now if we suppose the nuclear velocity to be a relatively 
constant quantity, within a short range of temperature, while 
the emanating activity decreases, the density of the emanation 
formed within the ionizer will clearly diminish as temperature 
decreases below the reaction temperature, however long the 
air is in contact with the ionizer. Hence the color of the puffs 
should gradually become fainter with decreasing temperature, 
as actually observed. If WV nuclei are produced per super- 
ficial square centimeter of phosphorus, if & be the corresponding 
average nuclear velocity and » the number present per cubic 
centimeter, V = kn. Thus x depends on the ratio of V and k. 
The vapor pressure analogy suggested is not wholly tenable 
inasmuch as nuclei are actually absorbed at the walls of the 
vessel (tube ab, figure 1), so that V vanishes with n in the 
lapse of time. Since & is of the order of one unit, V and n 
may be regarded as about of the same order, roughly speaking. 
The number of particles generated per square centimeter of 
the phosphorus will not greatly differ from the number present 
per cubic centimeter of the emanation. 

6. Above the reaction temperature, if the rate of production, 
JV, were regarded as relatively constant, the means of comput- 
ing the increase of speed of the nucleus with rising temperature 
would be at hand. If m be the mass of the nucleus and mk’/2 
varies as absolute temperature, k,/k, = V(t,+273)/(¢,+ 273). 
Turning now to the chart, figure 3, let ¢,= 30° and ¢, = 20°. 
Then #,/k,= 1°02, whereas the chart gives *,/k, = 1°25. 
These two results being out of keeping with each other, the 
thermal variation of & is insignificant compared with the cor- 
responding decrease of JV. 

7. Data for low temperatures.—After finishing the electri- 
cal investigation presently to be discussed, it seemed desirable 
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to corroborate the above results with experiments made near 
‘the temperature at which phosphorus becomes active. Asa 
whole the new data agreed with the above inferences. It was 
discovered, however, that permanent though faint colors could 
be obtained even below the limits stated above (13°), by very 
gradually increasing the speed of the charged air current from 
zero until the field showed the limiting coloration for the 
low temperature selected. When the air current is further 
increased, however slightly, the field of the color tube at once 
clears, almost with a flash. It is thus possible to “ blow out ” 
the emanating activity of the phosphorus with a current only 
a trifle faster than the one which produces the corresponding 
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color maximum. The puffs of color obtained above are the 
same phenomenon. Below 13°, opaque did not oceur. At 
14° the full activity was accentuated. 


Electrical Comparisons. 

8. Apparatus.—It is now desirable to compare these data 
with the results obtainable in measuring the radial currents 
when the tubular condenser is made the channel of communi- 
cation between the pipe, ab, of the water bath, figure 1, and 
the color tube, @C. In other words, the tubulure, G, is now 
replaced by the condenser, KA, figure 2, for discharging 
ionized air into C, by fitting the tubulure 4 to the end a of the 
ionizer, figure 1. Details of adjustment are given in my 


4 
LoD a 
B 4 
Fig. a 
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earlier papers.* The slender condenser, AX, was effectively 
50™ long, -32°™ in internal, and -60™ in external diameter. - 
The inner face (surface of the rod cd) is charged to about 40 
volts. The tube AK, insulated at the ends from the rod, is 
put to earth at #. The electrical discharge takes place radially 
from rod to tube, and should occur only when the emanation 

asses in the cylindrical shell between the faces (-14™ thick 
and 50™ long) entering at 6 and leaving at a. It is difficult in 
so slender an apparatus and in view of the use made of it to 
avoid conduction through the insulators, altogether, particu- 
larly in a damp atmosphere. Hence in the following tables 
the insulation when the medium is ordinary air, is given ; but 
even if ignored it will not probably affect the relation to tem- 
perature. In a warm dry room the insulation is perfect, and 
advantage was frequently taken of this observation. 

A steam or water jacket, /, surrounds the condenser for 
special experiments. §22. Steam enters and leaves by the 
tubulures, s. 

9. Method.—The method consisted in reading the efflux 
volumes, V, at the gasometer or aspirator bottle, before and 
after the series of electrical measurements. As the latter 
were always duplicated, three volume measurements were 
made at stated times. From these d V/dt was obtained graph- 
ically. 

The fall of potential at the electrometer (capacity of the 
latter 60™, in parallel with that of the condenser, 39%) was 
observed at intervals of 15 seconds apart. Eight readings in 
two series were made between the volume readings. The 
initial potential being about 41 volts, and equivalent to 87 or 
80 scale parts, respectively, each scale part is equivalent to 
about half a volt; but the absolute values are without interest. 
As usual, care was taken to await constancy of temperature in 
the water bath. 

10. Data.—In the following Table II, the time of observa- 
tion in minutes, ¢, the reading of the gasometer, V, in liters, 
the reading of the electrometer in scale parts, s (zero at s=250), 
and the temperature, 0, of the water bath are given in succes- 
sive columns. In the second and third columns, moreover, the 
rate of efflux of the air, d V/dt, in liters/min., and the initial 
radial electrical currents ds/dé¢ are tabulated. EE, is the initial 
potential difference in volts. 

As a rule, two values of d V/dt are entered for each tem- 
perature, one for a moderate current of about °50 liter/min. 
through the condenser and the other for the stronger current 
of about 1:0 liter/min. From brevity, an example of these 
data corresponding to a single temperatnre, @ = 15:3°, will only 
be given. 

*This Journal (4), xi, p. 310, 1901; Phil. Mag. (6), vol. i, p. 572, 1901; ibid. 
(6), ii, p. 40, 1901; and elsewhere. 
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TaBLE II.—Radial currents in the condenser. Phosphorus ionizer at different 
temperatures. Example of method, 


Time, ¢ Vx 10? dV/dt (mean) s ds/dt 
7m 308 15°3° 
min, 
9 30 125 
12 30 205 
08 163 12> 
min, 
15 166 
30 169 
45 172 
lit 
13™ 308 280 15°3 
min, 
15 30 450 
17 30 610 
08 163 
15 170 
30 176 
45 183 


II. Diseussion—The data of these tables might be con- 
structed without further reduction in a graph where the 
abscissas are temperatures and the ordinates, ds/dt, propor- 
tional to the radial currents. Two curves are suggested, one 
for the high, and another for the low velocity, d V/dt ; but in 
view of the slightly different values of d@V/dt implied in 
each, it is better to reduce to two volume standands; d V/dt 
=°45 liter/min. and 1:00 liter/min. were selected as most 
nearly coincident with the observations as a whole. The reduc- 
tion was made compatibly with the results of my earlier paper 
(I. ¢.), linearly from two values of dV/dé and ds/dé at each 
temperature. This linear relation is again incidentally shown 
in figure 5 at about 19°. Theslopes of these lines vary with 
temperature. 

If Q be the charge, s the deflection, C the effective capacity, 
£ the potential difference, A the factor of the electrometer, 
Q= CAs; t=dQ/dt = CAds/dt, where i is the radial eur- 
rent. Thus ¢/Q = (ds/dt)/s. 

For the initial currents, as alone measured in this paper, 
one may always assume the simple exponential relation 
or = where the subscripts zero 
refer to the initial charges, deflections, temperatures, ete. 
Hence, 7,/Q,= (ds/dt), /s, = — x, is an appropriate variable 
for comparing the data. This may also be computed as 
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— «= d(log s)/dt, but the approximate method of computing 
ds/dt from observations 15 seconds apart is more convenient. 

The corrected values of — 2 =(ds/dt),/s,, when d V/dt is 
‘45 and 1-00 liters per minute, respectively, are given in the 
raph, figure 6. Different dots correspond to different series. 

he curves are smoother than the uncorrected results would 
have been, and the values for low efflux are naturally more 
certain. For apart from instrumental difficulties, there is at 
high velocities a danger of interfering with the temperature 
of the ionizing phosphorus. Swift currents are not so easily 
cooled in the water bath and intense action of the ionizer con- 
tributes its own temperature error. In both curves the con- 
duction of the insulators prevents the curves from actually 
reaching the abscissa. 


‘ 

4 2 
Fig. 8. 


40° 25° 30° 35° 

12. Contrast with the color data.—The character of these 
curves may now be examined in comparison with the color 
data of figures 3 and 4, the latter being specially available. In 
both there is a rise of activity from about 9° through a maxi- 
mum, and an eventual less pronounced decline of activity 
toward 35°; but in their details, the two sets of curves are 
very different. The nuclei of figure 3 are suddenly produced 
in maximum concentration at ae 13° C., as suggested by 


the arrows ¢ in figure 6 et seq. ; they then decline in number 
regularly and very gradually as far as observed. In figure 6, 
however, the ions show a gradual increase of number, even as 
far as 20°, after which their number also falls off to the limits 
of observation. 
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One may argue, therefore, that the nuclei as first produced 
are but weakly ionized in spite of their maximum condensa- 
tional activity. As temperature rises, the latter property of 
the nucleus declines, but the ionization increases as far as about 
20°. Thereafter both properties decline. As the number of 
nuclei decreases from the reaction at 13° onward with increas- 
ing temperature, one may infer that the ionization increases 
with temperature ; from another point of view, that the ioni- 
zation increases as the property of the nucleus to induce con- 
densation diminishes. It is then with the nearly non-ionized 
nucleus that the maximum of condensational activity resides, 
just as if ionization were the result of a dissociation or a dis- 
aggregation of the nucleus. 

13. Electrical experiments repeated.—It is doubtful whether 
the color experiments can be much improved. These results 
are bound to lack sharpness; but the electrical experiments are 
open to further development in the first place by retaining a 
constant velocity d V/dé throughout. This may be done by 
inserting a second stopcock, /’ {not shown), to check the air 
current to a fixed value, even when J, figure 1, is quite open. 
In the second place the weakly ionized emanation at low tem- 
peratures should be tested directly as to its condensational 
power. One may inquire whether the reduced condensing 
power of the positive and the negative ionizations differ ; 
whether at a given temperature definite ionization is obtainable 
quantitatively, ete. 

In Table [II results obtained by the same method as above 
are summarized for brevity. The volumes, dV/d¢ (liters/min.), 
of air charged with phosphorus emanation traversing the con- 
denser, are a nearly constant quantity in view of the second 
stopcock already mentioned. is the temperature at which 
the fall of potential, ds/dt, was observed, s being the deflection 
in scale parts of the electrometer used above. The condenser 
was given a positive and a negative charge alternately, with 
the outer face put to earth. Four readings for the negative 
charge were included between similar sets for the positive 
charge. The conduction of the insulators is given. The last 
column contains the datum # =— (ds/d?),/s,. 

14. Diseussion.—The initial currents (w) are shown in the 
graph, figure 7. As a whole the results are much more defi- 
nite than in figure 6, seeing that no reduction for volume dif- 
ferences is now needed. Though there is a small difference 
between the currents corresponding to the positive and the 
negative charges, this difference lies within a scale part and 
may be taken as an error of observation. The position of the 
maximum of nuclei is again shown atc. The range of the 
new data after deducting the error in insulation is smaller than 
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TABLE III.—Radial currents in the condenser. Phosphorus ionizer at different 
temperatures. HE, = 41 volts. s) = 73 


6, ete. dV/dt ds/dt 50/80 
Insulation 00 3°6 05 
“48 — 5% +07 
49 — 60 
.48 4 13°3 
16°4 48 —14-0 
198 48 +18°0 D5 
19°8 “48 —18°0 
22°8 “48 +16°5 +°23 
“48 —17°0 
26°6 “48 +155 +21 
26°5 “47 —15-0 
30°7 48 +13°8 +19 
30°7 “47 —145 
34°9 +12°8 
34°8 “48 —13°0 


above, a circumstance presently to be considered and attribut- 
able to moisture and leakage errors, or in general to the neces- 
sarily unsaturated condition of the ionization within the 
condenser. 

Moreover the form of figure 7 differs from figure 6 and has 
approached more nearly to the color results of figure 4. The 
maximum, however, is still near 20°, so that the inferences 
above on the earlier appearance of the nuclei, is sustained. 

15. Permanent conduction produced by the emanation.— 
At this stage of my work, I encountered a peculiar and puz- 
zling series of phenomena which were not noticed in my earlier 
work, probably because the room temperature was purposely 
kept high and the atmosphere dry. After the air was passed 
over phosphorus freshly put into the tube ad, figure 1, the 
condenser receiving the emanation was thereafter found to 
remain permanently conducting even with the air current shut 
off, precisely as though it had itself become radio-active. This 
conduction was relatively so enormous that the electric cur- 
rents could not be measured by the same electrometer and the 
occurrence of an internal metallic contact or break in the insu- 
lation was immediately suggested. I, therefore, overhauled 
the condenser carefully, inserted an internal bushing, replaced 
the internal rod by a new one, etc., all without effect. The 
condenser showed good insulation after putting it together, 
but became a conductor after the passage of the first phos- 
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phorus emanation. Permanent leakage due to dislocation of 
the solid parts was thus out of the question. 

This conduction vanished over night. It was reproduced as 
soon as fresh phosphorus air passed through the condenser. 
It then remained permanent though gradually diminishing for 
hours, and was nearly gone again next day. Hence two causes 
are suggested : either a film of residual moisture aspirated off 
from the phosphorus grid (which however was as usual care- 
fully dried by squeezing in a press between folds of blotting 
paper, and then exposed to the air, so that only traces of 
moisture can be in question) was precipitated in the condenser 
to the detriment of the hard rubber insulation; or else some 
form of emanation given off from the phosphorus made the 
condenser radio-active. Incidentally I may advert to the 
extreme caution needed before such radio-activity can be 
assumed, the behavior in both cases being essentially alike. 

Warming the condenser seemed to be useless. Moderate 
amounts of dry air (say 7 liters flowing out in about 10 minutes) 
passing over the ——— were nearly ineffective. It was 
no remedy to remove the phosphorus and pass dry air alone in 
the forward direction. Separating the condenser from the 
water bath did not change its conduction. Thus I found, for 
instance, for the condenser alone and free from air current, 
ds/dt = 33; an hour later, ds/dt = 25; next day ds/dt = 7; 
good insulation, ds/dt = 2. 

At @= 30° (water bath temperature), the tendency of the 
condenser to conduct permanently was at first accentuated but 
soon completely wiped out. The electric current reached a 
normal value. This appeared so much like a moisture error 
that I further teated it by passing the air current backwards, 
through the condenser first and then over the phosphorus into 
the atmosphere, in this way drying both parts. Insulation of 
the condenser was thus at once restored. Again on passing a 
considerable volume of dry air (say 15 liters, slowly) over the 
phosphorus, this too lost its power to make the condenser 

rmanently conducting. Hence in the experiments of the 
ollowing table the phosphorus was first dried in this way in a 
current of dry air. The work then progressed smoothly, show- 
ing the relation of the emanating activity of phosphorus to 
temperature in a new light. 

I may add again that in none of my earlier experiments 
were like discrepancies encountered. Possibly a corroded 
— grid may be hygroscopic, something like platinum 

ack. 

16. Specially dried. phosphorus grids.—In Table IV, @ is 
the temperature of the water bath, d V/dt the volume of dry 
air in liters passed per minute over the phosphorus: ds/d¢ is 
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the corresponding initial radial electric current in the con- 
denser in arbitrary units, when the potential difference, Z,, is 
about 40 volts and the initial deflection, s,, as stated. In both 
eases the insulation of the condenser in the absence of the air 
current, is measured for each temperature. This is then 
deducted and the corrected electrical currents tabulated. In 
Table IV, on the left, a channeled hard rubber bushing guards 
(unnecessarily as it afterwards proved) against metallic contact 
of the core and envelope. In the data on the right this has 
been removed. The phosphorus in both cases is dried pre- 
liminarily, as stated, by a current of dry air from the desiccator, 
entering the condenser first and passing thence over the phos- 
phorus grid into the atmosphere. The last columns give 
the currents (ds/dt),/s, =7,/s, = 7,/Q,, supposing that initially 
Q = Q, «~*'—) as stated in $11. 


TaBLe IV.—Ionizing activity of dried phosphorus. £,= volts. 73°5. 
ad V/dt = liters/min. 


0 ds/dt 0 ds/dt 50/80 
19°2° 6 09 25°8° 7 “10 
18-0 4 21°2 7 10 
16°5 4 05 20°0 9 12 
15°0 0 00 18°8 9 12 

17°8 8 12 
16°8 6 ‘08 16°6 8 
18°2 1l 15 15°5 6 08 
19°2 13 18 2 03 
20°6 13 18 13°3 1 ‘91 
22°4 J2 16 Color experiments made at 
27°2 10 14 13°5° (here) showed blue 
33°8 9 12 equivalent to lit. /min. 


After the color experi- 

ments, for dV / dt = ‘93 

lit / min. results were as 
follows : 


Channelled hard rubber bush- 14°0 4 06 
ing in condenser. 14:0 4 06 


Bushing removed. 


17. Discussion.— The results of Table IV are shown graph- 
ically in figures 8 and 9, where the currents (ds/dt),/s, are as 
usual the ordinates. In a general way the character of figures 
6 and 7 has been preserved, inasmuch as there is maximum 
ionization at about 20°: but the details of behavior are again 
different. In the first place the scale of the phenomenon is 
gradually reduced as the emanating body is repeatedly subject 
to desiccation. This merely means deficient phosphorus sur- 
face, as I take it. 
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There is no certain tendency of the maximum to move into 
smaller temperatures in the later experiments. Thus when 
d V/dt = ‘50, nearly, 


Figure 6, maximum (ds / dt), /s, =°20 at 20° 
Figure 7, = 20 19° 
Figure 8, =z 18 20° 
Figure 9, = 12 19° 


Whether. the phosphorus is being actually consumed, or 


whether merely a superficial change is in question will be 
investigated below; but the charged air current is gradually 
further removed from saturation and will contiuue on the 
decline in the following experiments. Moreover here is an 
explanation of the differences of slope shown in the volu- 
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metric and electrical curves of an earlier paper (I. ¢.). For the 
degree of “dryness” reached wholly determines the electrical 
curve without in the same degree influencing the volume 
curves, as will presently be further manifest. 

In all cases the dependence of the electrical results on tem- 
perature remains quite different from the corresponding 
dependence of the color data on temperature. Special experi- 


_ ments made at the end of Table IV with identical apparatus 


showed strong color activity at 13°6°, viz: blue corresponding 
to ‘80 lit/min. while the subsequent electrical measurements at 
14° (see Table VI) reproduced the original exceptionally low 


conductions. 


The position of the phosphorus grid in the tube, ab, of the 
water bath, figure 1, showed an effect insufficient to be of 
moment in relation to the phenomena under discussion. Thus 


Rear position, furthest from end a and condenser, (ds /dt),/s,=*13 
(see 7, tigure 9). 

Front position, nearest to condenser, (ds/dt),/s,= (see 
figure 9). 


Nevertheless there is nearly one-third more saturation when 
the phosphorus grid is nearest the condenser than when remote, 
a circumstance which, as already intimated, makes it difficult 
to investigate saturation in this way. Any connecting tube 
between ionizer and condenser is an absorber, particularly if 
bent. 

18. Corroborative experiments with the color tube.—A series 
of experiments were now begun with the steam jet, to ascer- 
tain the difference between the character of the emanation 
immediately after the phosphorus grid has been prepared 
(without preliminary desiccation) and after a large volume of 
dry air (20 to 30 liters) has been passed over it. If the rela- 
tively enormous currents o’)tained in the condenser in the first 
instance are due to nuclei, there must be a corresponding result 
in the volume per minute of the saturated emanation neces- 
sary to produce a fixed color (blue) in the color tube. The 
reverse is the case, as will be seen in Table V, where nuclei and 
ion production are in a measure reciprocal occurrences. In 
other words, the initial enormous conductions are accompanied 
by an abstraction of nuclei. 

Three phosphorus strips were as usual dried in press between 
folds of bibulous paper and then exposed to air for some time. 
They were then inserted into the tube, ab, of the water bath, 
figure 1. The initial (apparent) ionization as tested by the 
condenser was invariably too intense to be measurable. The 
condenser was then removed and a short tube, G, added to 
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— excessive absorption before discharging into the color 
tube. 

In Table V, the liters of dry air which have passed over the 
phosphorus strips are given under Z. The successive liters of 
emanation ape minute to produce the standard blue are given 
in the third column (d V/dé); the fourth gives the current 
(often estimated) when the emanation passes through the con- 
denser at the fixed rate of °5 liter/min., selected for con- 
venience. 

TaBLeE V.—Condensation producing activity of initial “wet” and final “dry ” 


phosphorus emanation. Temperature @= 18°. dV/dt = °5 lit/min., 
for condenser. 


Color, ete. L dV/dt ds/dt Remarks. 
Insulation 0 0 ..-- Condenser discharged within 5**¢ 
Bl 6 160  ~...- | Condenser discharged within 
13 -- 100 | Current estimated. 
20 «1°48 15 | Phosphorus “dry.” Insulation 6 
25 1°40 ~.--!Jonization constant. %,/s,="21 
Another experiment. Grid scoured. Temperature 21°. 
bl-— 115  .... | Condenser discharged within 7*°¢ 
4 ---  .---|Nuclei insufficient to produce 
opaque. 
Bl Lia 100 200 |Opaque now attained. Con- 
Bl --- 90 ----| denser discharged within 20***, 
Bl 8 cS Current estimated. 
Bl 15 90 9 | Insulation ds/dt = 1, nearly per- 
Bl 20 90 fect. 


Bl 100 Ionization constant. 


The first part of Table V shows definitely that when the 
currents are too large to be even estimated, the emanation 
needed to produce the standard blue is larger than at the end 
of the experiment, where the radial currents have fallen off to 
their small fixed value. Thus the high conduction is without 
nuclear condensing effect. 

In the second part of the table the volumes are nearly con- 
stant except at the beginning, where it was found impossible to 
obtain opaque or even full blue, whatever volume is passed 
through the ionizer. The necessary number of nuclei was not 
forthcoming. As in the preceding table, however, less than 
ten liters of air are snfficient to dry the phosphorus into full 
activity so far as the color is concerned, whereas the condue- 
tion still retains abnormally large values. 

Another reciprocal relation is shown on the table. dV/dt 
here happens to be unusually large, so that the phosphorus is 
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for some reason weak as a nuclei producer. I, therefore, 
washed and scoured the surface of the grid, obtaining the 
usual order of values in the second part of the table. On the 
other hand, the currents in the first part are larger than those 
of the second part. Here again, therefore, the tendency to 
produce nuclei reciprocates in intensity with the tendency to 
produce ions, or better to produce conduction in the condenser. 
The latter is facilitated by the presence of traces of moisture, 
but nuclei are not so produced. 

19. Corroborative experiments with damp paper.—Another 
method of throwing light on the inquiry will be a comparison 
of the conduction produced in the condenser by air passing 
over damp filter paper with the corresponding case of air pass- 
ing over phosphorus. 

The wet paper (omitting the data) behaves in a less intense 
way something like the phosphorus. The rise of conduction, 
however, is gradual, the conduction at best moderate and the 
return of the condenser to the original degree of insulation 
relatively rapid. With phosphorus, the conduction after the 
first minute or so has risen to the immeasurably large values 
and when the air current ceases the condenser shows similar 
conduction. Much more dry air is needed to dry the con- 
denser and the phosphorus to normal values (fully twice as 
much as in the preceding case). Eventually the currents also 
return to the normal, relatively small limit and the insulation 
of the condenser is nearly perfect again. 

Qualitatively the two phenomena run in parallel; quantita- 
tively, they are enormously different. Inasmuch as the paper 
is obviously wet, whereas the phosphorus grid has been dried 
short of desiccation, inasmuch as any emanation must behave 
like a water evaporation, I think that the volatile body 
is probably of the nature of a hydrophosphide. Some electri- 
cally active substance is distilled in the presence of moisture 
and precipitated in the condenser. 

20. Corroborative experiments with desiccators.—The final 
test made to detect the character of the emanation was one of 
direct desiccation over chloride of calcium, before insertion. 
The day happened to be damp and the insulation poor. The 
experiments, however, are none the less definite. 

(1) Phosphorus dried in air and inserted into the dried tube 
of the water bath, ad, figure 1; the condenser was at once dis- 
charged on passing the air current through it. On removing 
the phosphorus the condenser showed too large a leakage to 
adit of the measurement of current. All appurtenances were 
now dried in a current of dry air and the final insulation deter- 
mined. 

(2) The phosphorus grid having been placed for about 15 
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minutes in the desiccator was again inserted into the tube, ad. 
The current now obtained was ds/dt = 37; the insu’ tion 
proved to be ds/dt = 30. Hence the current due to ionized 
air was but ds/d¢ = 7, an abnormally small value, indicating 
the absence of moisture. 

The phosphorus grid was once more put in the desiccator 
for 15 minutes. After replacing it in the water bath the cur- 
rent observed was 40; the insulation 27. Hence the leakage 
due to ionized air is here ds/dt = 13, agreeing with the usual 
order of ionized values above. 

Owing to the unfavorable condition of these experiments, 
not much definiteness was to be anticipated from them ; but 
they show clearly that the enormous initial emanation from 
fresh phosphorus is all but wiped out, relatively speaking, 
after the phosphorus has been dried preliminarily over calcic 
chloride. Whether in the rigorous absence of all moisture 

hosphorus would cease to ionize air, remains to be seen. It 
is also a question whether the desiccation over calcic chloride 
may not be accompanied by detrimental chemical action, refer- 
able to the chloride. At least the following work continues 
to show that the phosphorus grid repeatedly treated in this way 
continually loses strength as an ionizer, in spite of the inter- 
mediate submersion in water to keep it over night. 

21. Lffect of prolonged drying.—A final attempt was made 
to see if after continued drying over calcie chloride the ioniza- 
tion would be wiped out altogether. The followiug table 
shows this to have been unsuccessful. The room was favor- 
ably dry and warm and the leakage errors in the condenser not 
appreciable. After nearly 5 hours the potency of the ionizer 
is not diminished (see figure 11). It has rather increased, due 
possibly to the attraction of traces of moisture even within the 
permanently dried tube of the apparatus, figure 1. An extra 
tube of calcic chloride was attached. In a second experiment 
the temperature effect is tested for this specially dried phos- 
phorus. The corresponding graph is shown in figure 10, and 
the ionization is weaker than in any earlier experiment. 
Nevertheless the results show maximum activity in the neigh- 
borhood of 20°, though even at 12° the ionization is not 
quite extinguished. The exceptionally low ionization is not 
accounted for except as due to deficient phosphorus, the natu- 
ral result of long continued consumption. 

22. Promiscuous experiments. — Having investigated the 
effect of the temperature of the body of phosphorus on its 
emanation, I next purposed to ascertain the dependence of the 
emanation itself on temperature. This could be done by sur- 
rounding the condenser by a steam jacket (shown in figure 2, 
jj; %, 8, being the influx and efflux pipes) and noting the effect 
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of the rise of temperature of nearly 100°. After repeated 
trials, however, I found that the high temperature so far 
diminished the insulation of the hard rubber bushings of ‘the 
condenser, that no measurements would be trustworthy. On 
cooling the condenser, the insulation again became perfect. 
Quartz insulators suggest themselves as probably alone avail- 
able. 

23. Comparison of old and new grids.—Trial was made 
with freshly cut phosphorus, the grids used in the above work 
being as much as a year old. The results show a like order of 
values for both, in spite of the intense fuming of the new 
grid. Nevertheless the latter is apt to be from two to three times 
stronger than the old grid. Thus after thoroughly drying the 
new grid over calcic chloride and testing it at 21°5°, the data 
were 

dV /dt = (ds / dt), / s,=*20, 
*43, ='20. 
Exposure to the air of the room for about half an hour after 
desiccation was without effect. 

This experiment proves that the air in all the earlier experi- 
ments was undersaturated, agreeing with an earlier paper (I. ¢) 
from which values are quoted in the next paragraph. 

24. Older data compared with the present data.—It is finally 
worth while to adduce the corresponding data, Table VI, of an 
earlier paper. The equivalent colors of the steam tube are the 
yellows and crimsons of the second order. The temperatures 
are 20°-30°. 


Taste VI.—Relevant data from earlier papers, ‘o= 40 volts. 


Color. Temperature, 0. 10° x dV/dt 10° x (ds/dt)o/so 
50 16 
30 65 17 
30 43 
Yellow-green, ---- - 21 50 13 
24 58 22 
Crimson, 24 42 14 


Clearly then, for d V/d¢ = *43, nearly, the order of values 
for the currents is the same here (the experiments made over a 
year ago but with the same grids) as in the above experi- 
ments. The room being very hot insured dryness in that 
work without preliminary desiccation. Large volumes of dry 
air were passed over the grids, moreover, for colors of the first 
order were principally observed, requiring even as much as 
3 liters/min. per observation. 

The arrows (n, new and 9, old) in figure 9 show the relation 
of the results in the last table to the values for freshly cut 
phosphorus in excess given at the beginning of paragraph 23. 


é 
i 
4 
1 
| 


on the Emanation of Phosphorus. 345 


Since from the old valnes the number of nuclei was computed 
as nm =2X10', the new values would make them approach 
n=4X10*', the datum found with plate and with spherical 
condensers by entirely different methods, remembering that 
from the occurrence of an absorbing influx pipe, the air 
within the tubular condenser can nowhere be quite saturated. 

Experiments on the maximum number of nuclei per cubic 
centimeter producible by phosphorus under favorable condi- 
tions, were made at some length; but as they yielded no new 
results beyond those of § 23, they need not be instanced here. 

- 25. Conclusion and summary.—The experiments with phos- 
phorus show that nuclei adapted to condense atmospheric 
moisture are produced most abundantly at about 13°C. Below 
this, the rate of production decreases with enormous rapidity 
(just short of suddenness), probably ceasing at about 8°. This 
holds true for very different velocities of the dry air passing 
over the phosphorus. Above the reaction temperature, the 
activity decreases slowly as temperature rises, having not 
decreased more than 25 per cent at 35°. Since the phosphorus 
is superficially heated by the reaction, sharp statements are out 
of the question. 

Below 13°, the opaques of the color series are absent and 
the maximum tints are fainter and of increasingly higher 
orders. The strongest permanent color may be approached by 
very gradually increasing the charged air current. A limiting 
velocity decreasing with temperature may thus be reached, 
beyond which all colors vanish: and the reaction is quite 
“blown out,” as it were. Suddenly opening the stopcock 
after a period of quiescence shows puffs of color under these 
conditions, which also vanish as temperature decreases below 
13°. Putting V =kn, where WV is the number of particles 
generated per second per superficial square centimeter of phos- 
phorus, » the number per cubic centimeter of the ionized 
medium, & their (average) velocity in any cardinal direction, 
the variation of V is to be ascribed to n, & being relatively 
constant. 

In contrast with the color data (nuclei), the ionization of air 
passing over phosphorus increases with temperature to a maxi- 
mum at about 20°, after which there is a less pronounced 
decline. This ionization is not an arrival comparable in sud- 
denness with the appearance of nuclei, nor are the maxima 
identical as to temperature. One may infer that the nuclei as 
first produced are weak in ionization but of normal strength in 
condensational activity; that thereafter the latter property 
declines because (probably) the ionization increases as far as 
20°. Finally both properties decline. This reciprocity is 
accounted for if the ionization is a result of the dissociation of 
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nuclei. The degree of ionization is here independent of the 
sign of the charge. 

If the phosphorus grid is not preliminarily quite dry, traces 
of moisture are apt to escape with the emanation and produce 
permanent conduction in the condenser. Considerable varia- 
tion of the electrical coefficients may thus ensue, though the 
color results are, relatively speaking, but slightly affected. As 
the electrical discrepancy seems to be out of proportion with 
the quantity of moisture present, it is probable that the ema- 
nation escapes in some combination with it. The whole 
phenomenon vanishes on thorough desiccation both of the 
phosphorus and the apparatus. Grids frequently treated in 
this way show a gradually decreasing ionizing intensity, prob- 
ably due to the continued consumption of phosphorus or to a 
removal of effective surface. Throughout the experiments the 
relation of the color curves to the electrical curves remains 
practically unchanged, in spite of the different degrees of satu- 
ration (ionization). 

The relatively enormous conductions associated with non- 
desiccated phosphorus are without a color effect when tried in 
the steam tube. They rather give evidence of an abstraction 
of nuclei. Moreover such reciprocal properties are manifest in 
other instances. §18. Air passed over damp paper behaves 
similarly to the emanation from non-desiccated phosphorus, 
with a difference of intensity in favor of the latter. Desicca- 
tion over calcie chloride removes the incidental conduction 
entirely. The emanation may thus be dried to a limiting 
degree of ionization which is not then further reduced on dry- 
ing. In practice all operations should be made with desiccated 
phosphorus ; otherwise the baffling discrepancies encountered 
in “4 case of plate and spherical condensers may be antici- 

ated. 

. By using freshly cut fuming phosphorus in excess in. the 
ionizer, it was possible to increase the radial currents in the 
condenser to nearly twice their usual value, remembering that 
the emanation within the condenser is in all parts essentially 
unsaturated. Hence the low concentrations formerly found 
for tubular condensers (2 X10‘ nuclei per cubic centimeter) is 
made to approach the value found from plate and spherical 
condensers (4X 10*), more nearly. 

Brown University, Providence, R. I. 
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Art. XXX VI.— On the Determination of the Heat of Dissocia- 
tion and of Combustion of Acetylene, Ethylene and Methane ; 
by W. G.-MIxTER. 


[Contributions from the Sheffield Laboratory of Yale University. ] 


THE heat of formation of an organic compound is deduced, 
as is well known, from its heat of combustion and that of its 
constituents, since it is impossible to form any hydrocarbon 
under conditions at which the thermal effect may be measured. 
The determination of the heat evolved when acetylene is 
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decomposed is, however, one of the easiest of calorimetric 
experiments, giving at once the heat of combination, as the 
thermal change of dissociation equals that of combination. 
Moreover, it is probable that the direct measurement of the 
change is less liable to error than the indirect method, which 
involves burning the gas. The thermal effect of the dissocia- 
tion of other hydrocarbon gases may be found by mixing them 
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with sufficient acetylene to effect when exploded complete 
decomposition. The heat found less that due to the acetylene 
equals the heat of dissociation of the compound. The method 
is 0 to the objection that the errors are cumulative. 
he apparatus used in the work is shown in fig. 1. The 
outer double-walled vessel, J, J, called for convenience the 
jacket, contains 20 liters of water, which may be stirred before 
an experiment by the screw propellers. The tin vessel, A, A, 
separates the calorimeter from the jacket by two air spaces. 
The calorimeter vessel is tinned iron. The top of it was 
imperfectly covered by a thin sheet of celluloid and was 
exposed to tne air of the room. The steel bomb B has a 
capacity of 602°, weighs about 1900 grams, and is supported 
by a bar of wood resting on the top of the calorimeter case. 
It was silver-plated to prevent rusting and the silver on the 
interior surface was covered with a thin plating of gold. 
After the explosions of acetylene the inside plating showed 
minute perforations with projecting edges, owing doubtless to 
enclosed particles of plating solution which gave off steam 
when heated, as electro-plate is known to shut in minute parti- 
cles of solution which are not removed by washing or drying. 
The explosions of a mixture of acetylene or ethylene and 
oxygen dulled the surface of the gold and gradually removed 
the metal in the state of fine powder. The explosions of 
acetylene were noiseless, while those of mixtures of oxygen 
gave a distinct report, threw the water against the cover and 
loosened the screws at the top and bottom of the bomb. 
Ignition was attained by electric sparks between a strip of 
platinum foil connected with the bomb and a platinum wire, E, 
insulated bya piece of clay pipe stem projecting into the bomb 
and a glass tube in the steel tube, D. The foil was commonly 
melted and the wire, which was 1$™™ thick and extended into 
the bomb several millimeters, was bent by the detonations of 
acetylene and oxygen. The mean of five accordant calori- 
metric determinations of the water equivalent of the bomb 
and calorimeter can was 250 grams, The error is probably too 
small to affect the results in the fourth figure, since the weight 
of the apparatus times the specific heat of iron is 262 with no 
allowance for the small amounts of other metals present. 
Upon changing a fitting on the bomb the number 252 was 
adopted. A differential thermometer graduated to hundredths 
of a degree was used. It was found to agree with a normal 
thermometer aud one graduated to tenths. The zero of the 
differential thermometer was not changed during the work and 
corresponded to 16°4° of the normal. 
In none of the experiments was any measurable quantity of 
acetylene found in the gas remaining after an explosion and in 
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most of them not a trace was detected. The pressures used 
were higher than those at which the gas was exploded in 
earlier experiments,* when several per cent of acetylene was 
found after exploding. Whether the different result in this 
respect is due solely to pressure or to other causes, the writer 
has not had time to investigate. In order to find if the acety- 
lene decomposed in the calorimetric bomb without formation 
of hydrocarbons, the following tests were made. Tlf gas in 
the bomb after an explosion was passed through a solution of 
potassium hydroxide to remove hydrocyanie acid and then 
burned. _ No carbon dioxide was revealed by lime water. 
2°4 grams of carbon from the acetylene exploded in the bomb 
were heated in a combustion tube through which a current of 
dry air was passed to remove moisture. The combustion was 
then made in the ordinary way with oxygen and copper oxide. 
The result was 0°016 per cent of hydrogen. This amount may 
be due to the error of the analysis. These results show that in 
the calorimetric experiments the acetylene decomposed com- 
pletely into hydrogen and carbon. 

The composition of each sample of gas used was determined, 
and the amount taken was calculated from the capacity of the 
bomb or was found by weighing the bomb before and after 
filling: when hydrocyanic acid was estimated in the residual 
gas an equivalent quantity of acetylene was deducted from 
that taken. As a rule, the description of the many details 
involved in finding the amount of gas used for an experiment 
are omitted. Since the accurate determination of differences in 
temperature is the most difficult problem in calorimetry, the 
observations are stated in detail. The water in the calorimeter 
was stirred by the small screw propellers shown in the figure, 
driven by a motor. The observations of temperature were 
recorded at intervals of three minutes, and that noted imme- 
diately before explosion is taken for the initial temperature, no 
correction being made for slight changes preceding. The final 
temperature assumed is that observed the sixth minute after 
explosion plus five-sixths the average fall in temperature for a 
subsequent six minutes. The reason for not allowing for loss 
of heat during the first minute is this: the water of the calori- 
meter did not attain the maximum temperature observed until 
one, two or sometimes three minutes after the explosion, and it 
is less accurate to consider that as much heat is lost by the 
calorimeter in the six minutes immediately following explosion 
as in the next six. It is possible the corrections made are 
excessive, but any error in this respect is small as the correc- 
tion in but a few instances amounted to one per cent, and 
in most of the experiments it was less than half as much. 


* This Journal, ix, 1, 1900. 
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The results are given for gram molecules and 1 and 12 are 
taken for the atomic weights of hydrogen and carbon respec- 
tively. No corrections are made for water vapor or nitric acid 
remaining after explosion, as these would only change the sixth 
figure of the results. 

Acetylene. 


The acetylene gas was made by aoa lumps of calcium 
carbide into water in a glass gas holder. By means of ferrous 
hydroxide it was freed from traces of oxygen. Thus prepared 
the gas contained from 1 to 3 per cent of nitrogen. It was 
dried before pumping into the bomb by passing it through a 
kilo of small sticks of potassium hydroxide. The oxygen used 
was made from chlorate and was kept over water containing a 
little sodium hydroxide. 

Experiment 1.—Acetylene, 7:24 grams, gave too great a rise 
of temperature to be measured by the differential thermom- 
eter. Accordingly the thermometer graduated to tenths of a 
degree was used in the calorimeter. The result was 51,900 
calories for 26 grams of acetylene. 

Experiment 2.—Acetylene, 5-488 grams; temperature of 
jacket 2°7° by the differential thermometer used in the calori- 
meter. The residual gas was free from acetylene. 


Minutes. Temperature. 
0°285 Water in calorimeter, 3000 grams. 
0°290 Water equivalent of 
0°295 calorimeter, 250 
3°740 - 
3°730 3250 “ 
3°709 Temperature interval, 
3°696 3°73 —- 0°295 +0°027 = 3°462° 
3°682 


Multiplying this temperature interval by 3,250 and by the 
ratio of 26 to the mass of the substance taken we deduce for 
26 grams of acetylene 53,300°. 

periment 3.—In this experiment the bomb leaked after 
charging with acetylene. Hence it is better not to record the 
calorimetric result although it accorded fairly with the other. 

Experiment 4.—Acetylene, 6°493 grams ; jacket, 3°4°. The 
residual gas did not contain acetylene. 


Minutes. Temperature.. 
Water and water equivalent of 
calorimeter, 3250 grams. 


Temperature interval, 
4°114 —0°027+0°018 = 4°105° 


6 0°02 
12 4°110 
15 
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Minutes. Temperature. 


Reducing as before tae resulting value is 53,400°. 

Experiment 5.—Acetylene, 5°3829 grams ; jacket, 4; room, 
45°. The residual gas contained too small a quantit¥ of acety- 
lene to measure. 


Minutes. Temperature. 


0 0°45 Water and water equivalent of 
3 0°47 calorimeter, 3250 grams, 
6 0°49 
9 0°51 ; 

12 3°892 Temperature interval, 

15 3 887 3°887 — 0°51 +0°007 = 3°384° 

18 3°880 

21 3°875 

24 3°875 

27 3°870 


3°865 


The resulting value is 53,200°. 
Experiment 6.—Acetylene, 4-043 grams; jacket, 3°6°. The 
residual gas was free from acetylene. 


Minutes, Temperature, 

0 1°05 Water and water equivalent of 
3 1°07 calorimeter, 3252 grams, 
6 1°083 
9 1°097 Temperature interval, 

12 3°649 3°645 — 1:097 +0°004 = 2°552° 

15 3°645 

18 3°642 

21 3°640 


The resulting value is 53,300°. 
Omitting experiments 1 and 3, the following are the results of 
the determinations of the heat evolved on exploding acetylene : 


53,300 
53,400 
53,200 
53,300 


The average is 53,300° for 26 grams and 2050° for 1 gram of 
acetylene. 

Experiment 7.—The bomb with a capacity of was filled 
with dry gas (97-4 per cent by volume of acetylene) at 20°7° 
and 756™". The calculated weight of this volume of acetylene 


18 4°100 

21 4°090 

24 4°080 

27 4:070 

30 | 
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is 0°6342 gram. Rather more dry oxygen was added than 
required for complete combustion. 


Minutes, Temperature. 

0 0°935 Water and water equivalent of 
3 0°943 calorimeter, 3252 grams, 
6 0°950 
9 3°270 Temperature interval, 

12 3°264 3°264 — 0°95 +0°007 = 2°321° 

15 3°260 

18 3°254 

21 3°250 


The resulting value is 309,400°. 
Experiment 8.—The bomb filled as before contained 0°6527 


gram of acetylene. Jacket 1°6°. 


Minutes. Temperature. 

0 0 340 Water and water equivalent of 
3 0°350 calorimeter, 3252 grams. 
6 0°360 
9 2°750 Temperature interval, 

12 2°762 2°762 — 0°36 +0°007 = 2°409° 

15 2°760 

18 2°756 

21 2°750 

24 2°743 


The resulting value is 312,100°. 


Experiment 9.—The bomb was filled as for experiments 7 
and 8 with dry oxygen and acetylene and contained 0°6456 
gram of the latter gas. Jacket, 2°6°. 


Minutes. Temperature. 

0 1/109 Water and water equivalent of 
3 1111 calorimeter, 3252 grams. 
6 1°118 
9 3°502 Temperature interval, 

12 3°500 3°5 — 11113 +0°012 = 2°399° 

i5 3°490 

18 3°482 

21 3°476 

24 3°470 


The resulting value is 313,700°. 

The mean of the three determinations of the heat of com- 
bustion of acetylene is 311,700° and of the last two it is 312,900° 
at constant volume and 313,800° at constant pressure. 

Before discussing the foregoing results reference must be 
made to the heats of combustion of hydrogen and amorphous 
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carbon. Thomsen* made three determinations of the heat of 
combustion of hydrogen in which 18,928 grams of water were 

roduced, and obtained as the mean 68,357°. Berthellot and 

atignont+ adopt as the results of their experiments the num- 
ber 69,000. Thomsent used the number 96,960 for CO, 
obtained by Farve and Silbermann,§ and Berthellot| found 
97,650°. Thomsen, and Farve and Silbermann made the com- 
bustion slowly at atmospheric pressure, while Berthefot made 
them almost instantly in his bomb. The former worked with 
large quantities and the latter with small, in case of hydrogen 
with about 23 milligrams. Berthellot’s results are somewhat 
higher than the others. Thesum of the heats of combustion of 
the components of acetylene is, according to Thomsen, 262,277°, 
to Berthellot 264,300°. The former® found for the combus- 
tion of acetylene 310,050° and the latter** 315,700° at constant 
pressure. The writer’s result is 313,800". Thomsen made the 
heat of formation of acetylene —47,770". If we calculated it 
from Berthellot’s figures it is —51,400°. 


Ethylene. 


The ethylene gas was prepared by the action of zine on pure 
ethylene bromide dissolved in alcohol. It was freed from 
oxygen by ferrous hydroxide but contained several per cent of 
hydrogen gas and doubtless a little nitrogen. It was dried by 
sulphuric acid. 

xperiment 10.—Gas containing 93-7 per cent by volume of 
ethylene, 602° at 18°5° and 748™™ pressure equal to 0°655 gram 
of ethylene; acetylene added 4-828 grams; jacket 1°4°. The 
gas after explosion was free from hydrocarbons. 


Minutes. Temperature. 

0 1:22 Water and water equivalent of 
3 1-22 calorimeter, 3252 grams. 
6 1°22 
9 4°329 Temperature interval, 

12 4°362 4°362 — 1:22 +0°026 = 3°168° 

15 4°343 

18 4°330 

21 4314 

24 4°300 


The thermal result is 10,300°. 
The heat of dissociation of 4°828 grams of acetylene is 
9,900 calories; subtracting this from 10,300 we have 400 calories 


* Thermochemische Untersuchungen, ii, 52. Ann. Ch. Phy. [6], xxx, 553. 
Thermochemische Untersuchungen, ii, 283. § Anu. Ch. Phys. [3], xxxiv, 357. 
Ann. Ch. Phys. [6], xviii, 89. | § Thermochemische Untersuchungen, vi, 74. 

** Ann. Ch. Phys. [6], xxx, 556 
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due to the 0°655 gram of ethylene. These data give 17,000 
calories for the heat of dissociation of 28 grams of ethylene. 
Experiment 11.—The mixed gases used contained 0-707 
gram of ethylene and 4-091 > of acetylene. The gas 
after explosion was freed from hydrocarbons. Jacket, 1°6°. 


Minutes. Temperature. 


0 1:88 Water and water equivalent of 
3 1°88 calorimeter, 3252 grams. 
1°88 
9 Temperature interval, 
12 4°581 4°581 — 1°88 +0°025 = 2°726° 
15 4°568 
18 4°550 
21 4°534 
24 


These data give 18,900° for the heat of dissociation of ethy- 
lene. 

Experiment 12.—The bomb contained 1-952 gram of ethy- 
lene and 5:045 grams of acetylene. The gas after explosion 
was free from hydrocarbons. Jacket, 0°; room, 0°35°. 


Minutes. Temperature. 

0 0°470 
3 0°470 Water eq. of calorimeter, 252 
6 0°470 
9 3°690 3452 grams. 

12 3°660 Temperature interval, 

14 3°649 3°66 — 0°47 +0°032 = 3°222° 

17 3°628 

20 3°604 

23 3°587 

26 3°569 3452 . 3°222 = 11,122 calories. 

29 3°550 


From these data we deduce for the heat of dissociation of 
28 grams of ethylene 11,200° at constant volume and 10,600° 
at constant pressure. This result is probably the best of the 
three because about three times as much ethylene was taken as 
in the two preceding experiments. 

Experiment 13.—The gas used contained 93-7 per cent by 
volume of ethylene. Hydrogen was assumed to constitute the 
remainder, as it was found after removing ethylene. The 
bomb contained 602° of the dry gas at 15°5° and 755°5™™ 
pressure. The calculated amounts are 0°669 gram of ethylene 
and 0:0032 gram of hydrogen. 3°2 grams of oxygen were 
added. Jacket, 1°5°. 


a 
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Minutes. Temperature. 


0 0°239 Water and water equivalent of 
3 0°240 calorimeter, 3252 grams. 
6 0°240 
9 2°801 Temperature interval, 
12 2°783 2°783 — 0°24+0024 = 2°567° 
15 2°769 
18 2°753 
21 2°739 
24 2°724 3252 . 2567 = 8348° 


Deduct for hydrogen 109° 


8239° 
and for 28 grams of ethylene, 344,800° 
The bomb leaked at the valve after exploding in 14th experi- 
ment. The result was 340,400 calories. 
Experiment 15.—602° of gas (97-2 per cent ethylene) at 
21°6° and 762™™ pressure, containing 0°685 gram of ethylene, 
was mixed with the excess of oxygen. Jacket, 3°; room, 5°. 


Minutes. Temperature. 


0 1°813 Water and water equivalent of 
3 1°824 calorimeter, 3252 grams, 
6 1°835 
9 4°410 Temperature interval, 
12 4°410 4°41—. 1°835 +0°007 = 2°582° 
15 4°400 
18 4°400 
21 4°394 
24 4°393 


The heat of combustion of 28 grams of ethylene from these 
data is 343,400°. 

Experiment 16.—602° of gas (97 per cent C,H,) saturated 
with. water vapor at 19°4° and 760-4", containing 0°67 gram 
of ethylene, was exploded with an excess of oxygen. 


Minutes. Temperature. 


0 0°857 Water and water equivalent of 
3 0'860 calorimeter, 3252 grams. 
6 0°860 
9 3°398 Temperature interval, 

12 3°394 3°394 — 0°860 + 0°012 = 2°546° 

15 3°389 

18 3°380 

‘21 3°388 

24 3°370 

27 3°360 

30 3°351 


From these data we have 345,700°. 
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_ The results of the combustion of ethylene, omitting experi- _ 
ment 14, are 

Experiment 13 344,800 

15 343,400 

“ 16 345,700 


An average of 344,600 calories at constant volume and 
345,800 at constant pressure. Although the results agree well 
they may be slightly in excess owing to a possible oxidation 
of the bomb. There was, however, no rust where the steel 
was exposed and the fine powder washed out of the bomb after 
an explosion was mostly gold and was nearly free from iron. 
Thomsen* obtained for the combustion of ethylene 333,350° 
and Berthellot+ 341,100° at constant pressure. In deriving the 
heat of formation we have the difficulty already mentioned 
regarding the choice of the numbers to be taken for the heats 
of combustion of the constituents of ethylene. According to 
Thomsen (loc. cit.) it is —2710°, and using Berthellot’s figures 
we have —7800° for the formation of ethylene from hydrogen 
and amorphous carbon. If, however, we deduct 341-100 (B) 
from 330-600, the heat of the combustion of the constituents 
of ethylene adopted by Thomsen, we have —10,500°. The 
writer’s direct determinations of the heat of dissociation of 
ethylene vary too widely to have much significance, but they 
indicate that ethylene may be more endothermic than has been 


assumed. 
Methane. 


The methane was made in the usual way by heating a mix- 
ture of sodium acetate and soda-lime, and also of the acetate 
and barium hydroxide, and the two products were united. 
The was purified by passing it slowly through fuming sul- 
phuric acid and then allowing it to stand over water containing 
ferrous hydroxide. A combustion of the gas gave 0°677 gram 
of CO, and 0572 gram of water, corresponding to 93°8 vol- 
umes of methane and 6-2 volumes of hydrogen. The gas was 
fairly free from nitrogen. 

Experiment 17.—The bomb contained 1°18 gram of methane, 
4765 grams of acetylene and 0-061 gram of hydrogen and 
nitrogen. Jacket, 14°; room, 0°. The gas left after explod- 
ing gave no carbon dioxide when burned. 


Minutes. Temperature, 


0 1°034 Water and water equivalent of 
3. 1°034 calorimeter, 3252 grams. 
6 1°034 
9 3°589 Temperature interval, 

12 3°578 3°578 —1°034 + 0°023 = 2°567° 


* Thermochemische Untersuchungen, iv, 65. + Ann. Ch. Phys. [6], xxx, 557 
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Minutes. Temperature. 
16 3°559 
19 3°544 
22 3°530 
28 3°517 


The experimental result is 8348°: subtracting this number 
from the thermal effect of the acetylene taken, which is 9768°, 
we have 1420° required to dissociate 1°18 gram of methane and 
for 16 grams 19,300° at constant volume. 

Experiment 718.—Methane 1-431 gram, acetylene 5-467 grams 
and hydrogen and nitrogen 0°063 gram. The gas after the 
explosion contained no acetylene, but gave a little carbon 
dioxide when burned. Apparently some methane was not 
decomposed. The jacket and room were 2 OF ° according to the 
differential thermometer. 


Minutes. Temperature. 


0 0°36 Water and water equivalent of 
3 0°36 calorimeter, . 8252 grams. 
6 0°36 
9 3°28 Temperature interval, 
12 3°273 3°273 — 0°36 +0°023 = 2°936° 
15 3°260 
18 3°245 
21 3°230 


The result caleulated as before is 18,700°. 

The mean of the two results with methane is 19,000° volume 
constant and 18,420° pressure constant required to dissociate 
methane. Thomsen’s value of the formation of methane at 
constant volume is 21,170°. Calculated from Berthellot’s data 
it is 21,500°. 
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Art. XXXVII.—The Geological Relations and the Age of the 
St. Joseph and Potosi Limestones of St. Frangois County, 
Missouri; by Frank 8. Nason. 


Durine the months of March and April, 1901, the writer 
was engaged in some engineering work for the Derby Lead 
Co. of St. Francois county. The nature of the work necessi- 
tated a study of the local geology. Incidentally this led to 
the exact determinations of the relations existing between the 
underlying St. Joseph, or Bonne Terre, and the overlying 
Potosi, as well as the age of the two limestones. 

The writer is indebted to Mr. O. M. Bilherz, superintendent 
of the Doe Run mine at Flat river, for first calling his atten- 
tion to fossils which he had found, and to Mr. Arthur Thacher 
and Mr. J. T. Morrell, president and superintendent of the 
Central Lead Co., for the assistance which they tendered him. 

The rocks of St. Frangois county have a general, but very 
slight, 8.W. dip. The country is hilly, the higher points 
reaching from one hundred to one hundred and fifty feet 
above the datum level of Big and Flat rivers. The hills and 
ridges are not due, in general, to either monoclinal or anticlinal 
folds, but, so far as is now known, to erosion entirely. Both 
Big and Flat rivers have flood plains a mile or more in width, 
thus cutting through the overlying measures. Into these 
rivers on either side flow smaller tributary streams which have 
cut more or less deeply into the long divides, breaking them 
up into more or less hill-like domes. The gulches formed by 
these streams are dry and almost wholly denuded of soil, leav- 
ing the nearly horizontally bedded rocks exposed. As the 
summits of these hills are approached the mantle of residuary 
clay becomes thicker and on the summits of many of the hills 
this clay, filled with drusy, cherty quartz, is often fifty to one 
hundred feet thick. The limestones capping these hills and 
divides are more or less cherty, having cavities lined with 
druses of quartz, locally known as mineral blossom. In many 
places these same limestones have their jointing and bedding 

lanes covered with the same quartz. In one locality the writer 
found a bed of sandy rock completely honeycombed with their 
shell-like druses. The bed was at least one foot in thickness. 
Immediately above and below at least fifty per cent of the 
rock was also drusy quartz. Underneath these strata the lime- 
stone becomes almost entirely free from quartz and in general 
appearance is hardly to be distinguished from the St. Joseph 
limestones. The occurrence of cherty or drusy quartz in a 
limestone has hitherto been the sole means of distinguishing 
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between the Potosi and the St. Joseph. If the limestone was 
ow it has been called Potosi ; if not, St. Joseph, or Bonne 
erre. 

Most of the gulches cut by the streams expose the contacts 
between the cherty and non-cherty limestones. As the cherty 
limestones show well up the sides of the hills, it has been 
assumed that only the summits of the hills and divides were 
Potosi. 

In the geological map of St. Frangois County, Mo. (Bull. U. 8. 
G.S. No. 132, “ Diss. Lead Ores of S. E. Mo.”), Mr. Arthur Wins- 
low has accepted this erroneous conclusion and further states 
(ibid., p. 17): “ The rocks of this formation [Potosi] are found 
principally west and north of the area here treated of [St. Frangois 
Co.] and they oceur within it only over the hills. The upper 
limits of the formation are, therefore, not reached, and it is 
probable that no sharp line of separation between it and the 
underlying St. Joseph limestone exists.” 

The writer discovered a positive break between the two 
series in the bed of Flat river about one mile up the river 
from Elvins, just a little above where the M. R. and B. T. 
R. R. bridges the stream. Here the river has washed bare a 
heavy bed of limestone conglomerate. The appearance of the 
conglomerate is very striking, being composed of flat, round- 
edged, disks of limestone lying edgewise, as is shown in the 
accompanying geological column. The conglomerate here 
appears to be about ten feet in thickness and below the layer 
of disk-like pebbles, five to six inches thick, it is massive. 

In the railroad cut above the river exposure, the conglomer- 
ate is seen to be overlaid with soft clay slates from a few 
inches to several feet in thickness. From this up to the chert- 
less Potosi, there isa succession of clay slates interstratified with 
thin beds of conglomerate. Judging by drill holes and by 
natural sections, the thickness of the conglomerate series is not 
less than fifty feet and probably in places it is one hundred 
and fifty to two hundred feet thick. The conglomerate is not 
a mere local occurrence. From its outcrop in Flat river the 
writer traced it continuously for one mile towards the Central 
Lead Co.’s office; and in isolated exposures for another mile 
to near the Theodora shaft of the same company. Southeast, 
it was found on the face of a bluff about two miles from Farm- 
ington, about four miles air line from the original outcrop. 
To the west, near Irondale, a distance of about eight miles, 
drill cores showed it to be present at a depth of two hundred 
and sixty-two feet. 

The pebbles of the: conglomerate, as far as seen, are all 
magnesian limestone. The interstitial paste or cement is with- 
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out exception a crystalline limestone, nearly, if not quite, pure. 
Accompanying the conglomerate is an oolitic limestone. 

Although not traced continuously, to the points noted, the 
conglomerate is assumed to be identical, for the following rea- 
sons: The disk-like conglomerate, the crystalline limestone 
paste, the oolitic limestone, and finally, the invariable occur- 
rence of fossils, principally trilobites and brachiopods; also 
beds of interstratified slate. 

Fossils are very scarce in rocks of both formations save as 
here noted: Lingulella and Obolella in or near the junction 
between the La Motte sandstone and the St. Joseph; in the 
bands of lead-bearing clay slate in the lower and upper lead- 
bearing zones of the St Joseph limestone (see 
and in the slates of the conglomerate series ; in the conglom- 
erate paste (trilobites, brachiopods, pteropods). 

The writer feels little hesitancy, therefore, in stating posi- 
tively that the beds of conglomerate mark a break in geological 
time between the St. Joseph and Potosi limestones. There is 
no doubt that this division will be found to be widely extended, 
but at present nothing can be here offered in support outside 
of St. Frangois county and the eastern edge of Iron county. 

The Potosi will henceforth be recognized as including and 
lying above the slates and conglomerates, and will extend far 

own many of the streams instead of being referred to the hill 
tops above. 

As to the age, its determination rests on fossils, and these 
have been submitted to Professor Beecher, who has generously 
consented to examine them. 


‘ 
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Art. XXXVIIT. — Wote on the Cambrian Fossils of ‘St. 
Frangois County, Missouri ; by C. E. BEECHER. 


THE small collection of fossils submitted to the writer b 
F. L. Nason, for identification, is interesting, especially as it 
determines the geological horizon of an extensive series of 
limestones, sandstones, conglomerates, etc., in southeastern 
Missouri, the age of which has hitherto been somewhat in 
doubt. Also, since these strata are intimately associated 
with the lead-bearing rocks of this region, the identification has 
considerable economic value. 

It is stated by Arthur Winslow, ina paper on “The Dis- 
seminated Lead Ores of Southeastern Missouri”* (p. 11), that 
although these rocks are placed in the Lower Silurian “ The 
possibility still remains that there may be a faunal break which 
will admit of some of the lower strata being classed as Cam- 
brian, though there is nothing in the stratigraphy to suggest 
it. This must, therefore, be left to the paleontologists, and 
owing to the dearth of fossils the problem is not an easy one 
for them to solve.” In Volume IX of the Missouri Geological 
Survey (Pt. IV, p. 52, Keyes, 1895) the Fredericktown dolo- 
mite (= St. Joseph limestone) is referred to the Upper Cam- 
brian on account of the presence of Lingulella Lamborni 
(Meek), but since this species is peculiar to the horizon, and 
the genus has a much wider range, this correlation is not 
established. A general statement is made by Keyes regarding 
this region (2. ¢., p. 44) that “ No strata younger than the Cam- 
brian are believed to be represented. But few fossils have 
been found in the rocks of the area, so that the faunal evidence 
as to geological age is somewhat meager.” The present collec- 
tion of fossils, made by Mr. Nason, indicates that the entire 
series is older than the Lower Silurian (Ordovician) and that at 
least the upper portion probably belongs to the Upper Cambrian. 

All but one species of the fossils were vbtained from the 
lower members of the Potosi limestones, and, since this is the 
topmost formation of this region, its correlation is of the first 
importance. The fossils occur abundantly in the limestone 
and conglomerate beds and more sparsely in the sandstones. 
They consist chiefly of fragments of trilobites, with a few 
brachiopods and other forms. Lithologically there is a very 
close resemblance between these fossil-bearing beds and those 
of a similar horizon in the Black Hills of South Dakota. 
Limestones, limestone conglomerates, and sandstones of the 
same appearance are fond in both sections. Faunally, there 


* Bulletin No. 132 of the United States Geological Survey, 1896. 


| 
| 
j 
| 
| 
| 
} 
| 
] 
4 
] 
| 


C. FE. Beecher—Cambrian Fossils of Missouri. 363 


is a suggestion of affinity with the Potsdam fauna of Wiscon- 
sin and Texas. A careful comparison, however, reveals that 
these resemblances are more general than specific and that the 
species seem to be distinct. Nevertheless, the facies of this 
fauna seems to indicate Upper Cambrian, though further 
studies with additional material may show it to belong to the 
middle member, 

Owing to the small number of specimens in the present col- 
lection, the number of species is necessarily limited. It will 
doubtless be considerably increased by future collections. 
Among the trilobites the genera Ptychoparia, Ptychaspis, 
Chariocephalus, and Crepicephalus, are more or less clearly 
identifiable. A species of Chariocephalus closely agrees with 
the C. onustus of Whitfield. 

The species of brachiopods seem to be fairly abundant, 
especially an orthoid shell resembling in some respects Bil- 
lingsella. It occurs in the shaly partings between the layers 
of limestone. A species of <Acrotreta and a Lingulella are 
common both in the limestones and arenaceous beds. 

Hyolithes primordialis Hall and asmall species of Platyceras 
also occur in the limestones, together with segments of cysti- 
dean or crinoidal columns. 

Abundant remains of a linguloid shell are found on the 
lower, or La Motte, sandstones constituting the basal member of 
the clastic rocks of the section. Making allowances for differ- 
ent conditions of preservation, this species may be identified 
with the Zingulella Lamborni of Meek, which occurs in some 
green shales of the same age in Madison County, a little fur- 
ther south. In the absence of other evidence, the diagnostic 
value of this brachiopod is very slight, and it is impossible to 
say whether the Bonne Terre, or St. Joseph, limestones and the 
La Motte sandstones represent Lower Cambrian terranes or 
whether they with the Potosi all belong to the Middle or Upper 
Cambrian. 

The important point of this correlation is that, upon paleon- 
tological evidence which has hitherto been largely wanting, an 
extensive area and thickness of sedimentary rocks are definitely 
placed in the Cambrian. 

Yale University Museum, New Haven, Conn., June, 1901. 
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Art. XXXIX.—Discovery of Eurypterid Remains in the 
Cambrian of Missouri; by C. E. Brecnuer. (With Plate 
VII.) 


THE wonderful development of merostomes in various parts 
of the world at about the close of the Silurian has long been 
recognized, and the suddenness of their appearance out of an 
apparently clear paleozoic sky has been a matter of considera- 
ble speculation. Almost at the same instant of time there 
appeared on the geologic horizon a marvelous assemblage of 
these ancient arthopods. A very few scattering forerunners 
are known from older rocks, but most of them are small and 
strange creatures, little resembling the characteristic HLuryp- 
terus and Pterygotus of the Upper Silurian, and in fact be- 
longing to other orders of the Merostomata. 

In North America the known genera and species of the 
order Eurypterida belong almost exclusively to the Waterlime 
group (Rondout) above the Salina beds. Dr. John M. Clarke* 
has recently announced the discovery, by Mr. C. J. Sarle, of a 
new Eurypterid fauna at the base of the Salina, which carries 
this peculiar biologic facies one comparatively brief stage fur- 
ther back. Evidences of still older forms are very meager. 
A single species of Hurypterus (E. prominens Hall) is referred 
to the Clinton beds of the Silurian with considerable doubt. 
The next indication of a greater antiquity of this order con- 
sists of a fragment of an abdominal segment and a single 
jointed limb, from the Utica slate of New York, described by 
C. D. Walcott+ as Hchinognathus Clevelandi. 

It is therefore of considerable interest and importance that 
a new and much older horizon for the Eurypterida can now be 
chronicled. 

Mr. Arthur Thacher, President of the Central Lead 
Company of Missouri, formerly a professor in Washing- 
ton University, found a nearly entire specimen of a new 
Eurypterid in the Potosi limestone of St. Frangois county, 
and through his generosity and the kindly interest of Mr. 
Frank L. Nason, the specimen was transmitted to the Yale 
University Museum. Owing to the supposed scarcity of fos- 
sils in the Potosi and St. Joseph terranes of Missouri, their 
correlation was long a matter of uncertainty, until Mr. Nason 
described certain horizons bearing an abundant and character- 
istic Cambrian fauna. 


* Notes on Paleozoic Crustaceans. N. Y. State Museum, Report of the State 


Paleontologist for 1900. 1901. 
+ Description of a New Genus of the Order Eurypterida from the Utica Slate. 


This Journal (3), vol. xxiii, 1882. a 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


C. E. Beecher—Cambrian Eurypterid Remains. 365 


The specimen here described at once suggests the familiar 
and well-known genus Hurypterus, and only when its charac- 
ters are studied in connection with its geological occurrence is 
it apparent that its differences are of sufficient importance to 
warrant its genericseparation. The specimen represents nearly 
the entire dorsal test of the animal and consists of the 
cephalothorax with the abdominal segments, including the 
telson spine. 

The cephalothorax is comparatively shorter and wider than 
in Hurypterus, the eyes are further forward, nearer together, 
and more oblique, and besides the telson but eleven abdominal 
somites can be determined on the dorsal side, instead of twelve 
as in Hurypterus. These differences are considered as indica- 
tive of a new genus and it is proposed to recognize this type 
under the name Sérabops nov. gen., with Strabops Thacheri 
n. sp., as the type species. The generic name is in allusion to 
the inward turning or squinting of the eyes (otpa8ds squint- 
ing, and dys face). 

oubtless many generic differences will appear when the 
ee of this type are obtained. The differences in the 
characters available for comparison are quite as great as 
between Hurypterus and Dolichopterus, Stylonurus, Anthra- 
conectes, or Husarcus. This taken with the fact that practi- 
cally all the Cambrian genera, especially the more highly organ- 
ized types, became extinct long before the Upper Silurian, 
lends support to the conclusion that Strabops is generically 
distinct from any hitherto known form. 


Srrapors THACHER! gen. et sp. nov. (Plate VII.) 


Body broadly ovate in general outline exclusive of the tel- 
son, slightly convex in the specimen, though probably quite 
arched both transversely and longitudinally in life, as indicated 
by the outline of the separate segments. 

Cephalothorax short and broad, length less than one-half the 
width, anterior and lateral margins regularly rounded, posterior 
margin gently curved in the middle and turning obliquely for- 
ward toward the genal extremities, which are obtusely angular. 

yes medium sized, ovate, narrow ends pointing obliquely 
inward, situated in the middle of the anterior half of the 
cephalothorax, distant about the length of one eye, connected 
anteriorly by a distinct arched line or fold. The eye tubercles 
are mostly exfoliated, and their convexity and surface cannot 
be determined. Ocelli indicated by two spots midway be- 
tween the eyes. 

Abdomen. The dorsal side shows eleven segments exclusive 
of the telson. The axis in the specimen is slightly convex 
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and slopes off into the nearly flat pleural region without any 
line of demarkation. The greatest width is across the third 
segment. The extremities of the segments are rounded ante- 
riorly and on the sides, and terminate behind as a simple angu- 


Jation. The first six segments are quite uniform in length, 


while the three following are somewhat shorter, and the last 
two are a little longer. 
“ Telson a broad flat spine, obtusely elevated along the mid- 

e. 

a smooth, with an indication of a row of minute 
crenulations or scale-like markings near the posterior edge of 
each segment. 

Dimensions. Greatest length of specimen 110™, lengt* 
exclusive of telson 82™; greatest width, allowing for compres- 
sion on left side, 60"; length of cephalothorax 20™", width 
49™™ ; greatest width of telson 17™. 

. Formation and locality. From the lower members of the 
Potosi limestone, Flat river, St. Frangois county, Missouri. 

The only known genus of merostomes besides Strabops 
occurring in the Cambrian is Aglaspis Hall, represented 
by two species (A. Barrandi and A. Eatoni Whitf.). But 
since Aglaspis belongs to the order Synxiphosura, it leaves 
Strabopsas the present sole representative of the Eurypterida.* 


* Although Aglaspis was compared with Limulus by Professor Hall, and its 
affinities were distinctly stated as with the Merostomata, yet most subsequent 
writers have overlooked its true relationships and have included it in their lists 
of trilobite genera. The family named Aglaspide was first employed in 1877 by 
S. A. Miller in “ The American Paleozoic Fossils,” p. 208, and the restoration of 
the family to the Merostomata was first made by the writer in a paper entitled 
“Outline of a Natural Classification of the Trilobites” (this Journal (4), vol. iii, 
p. 18%, 1897). 


EXPLANATION OF PLATE VII. 


Strabops Thacheri Beecher.—Dorsal side of type specimen x 3/2. Potosi lime- 
stone (Cambrian), St. Francois county, Missouri. Original in Yale Univer- 
sity Museum. 


Yale University Museum, 
New Haven, Conn., June, 1901. 
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Art. XL. — The Determination of Persulphates; by 
A. Peters and Sera E. Moopy. 


[Contributions from the Kent Chemical Laboratory of Yale University—CIII.] 


IN a recent article by Namias, of which, however, only the 
abstract is at our disposal,* it is proposed to substitute for the 
method of reducing the persulphate by a ferrous salt and esti- 
mating the excess of the latter—a method which the author 
characterizes as inaccurate—the treatment of the persulphate 
by potassium iodide for a period of ten or twelve hours, and 
titration by thiosulphate of the iodine set free ; and Griitznert 
has recently stated that a solution of arsenious oxide is well 
suited for the determination of the oxidizing power of persul- 

hates, the reaction being hastened by heat and the presence 

of alkaline hydroxide. A test of the processes of Namias and 
Griitzner led us to consider also the method of LeBlane and 
Eckardt,t as well as the previously proposed method of 
Mondolfo,§ in order that the indications of all these methods 
might be brought into comparison. 

LeBlaue and Eckardtj state and bring experimental results 
to show that when a mixture containing a persulphate, a sufti- 
cient excess of ferrous salt, and sulphurie acid, is heated at 
60°-80°, or allowed to stand ten or twelve hours, the persul- 
phate is reduced, and the amount of ferrous salt oxidized is the 
measure of the amount of persulphate originally present in 
solution. This is the method to which Namias takes exception. 
Marshall is authority for the statement that persulphates 
liberate iodine from potassium iodide, and that the action is 
hastened by heat and affected little by the addition of dilute 
sulphuric acid. Upon this reaction Mondolfo** has based a 
method for the estimation of persulphates, which consists in 
heating a mixture containing the persulphate and potassium 
iodide in a stoppered bottle for ten minutes at 60°-80°, and 
titrating by thiosulphate the iodine set free. The process 
which Namiast+ proposes for the estimation of persulphates— 
without knowledge of Mondolfo’s method—differs from the 
iodometric method of Mondolfo in the point that the interac- 
tion between the iodine and the persulphate is carried out at 
the ordinary atmospheric temperature and prolonged ten or 
twelve hours, when the estimation is made by thiosulphate of 
the iodine set free in the action. 

* Chem. Centralblatt, 1900, ii, p. 806. Tbid., 1900, i, p. 835. 

Zeit. f. Electrochemie, 5, 355-7. $ Chem. Zeitung, 23, p. 699. 

{ toc. cit. j Jour. Chem. Soc., 59, 771. 

* Loc. cit. tt Loc. cit. 
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Method of LeBlanc and Eckardt. 


The reagents used in our experiments were a solution of 
ammonium persulphate, 10 grm. of the salt to the liter; an 
acidified solution of ammonio-ferrous sulphate, 20 grm. to the 
liter; an approximately tenth-normal solution of potassium 
permanganate; and sulphuric acid of half strength. The 
standard of the potassium permanganate solution was deter- 
mined by comparison with a solution of arsenious oxide.* 
The effect upon the reaction of variations in time, temperature, 
and amount of ferrous salt were tried, and the results given in 


Table I. 


TABLE I. 


Volume of liquid 100°™°. 
KMn0O, 
Ammonium app. N/10, (NH,)28202 
persulphate, _tooxidize calculated 
10 grm. solution the excess of from ferrous 
to liter. 20 grm. to liter. ferrous salt. salt oxidized. 
cm’, cm’, Treatment. grip. 
Heated 10 min. 
12°5 25 2°11 60°-80° 0°1216 
12°5 25 2°18 0°1209 
12°5 25 2°11 sa 0°1216 
12°5 25 24) 0°1216 
12°5 50 15°00 0°1218 


0°2426 


Stood 11 hours. 


12°5 26 1°89 21°-25° 071214 
12°5 26 1°80 0°1224 
125 40 ° 8°75 - 0°1221 
12°5 40° 8°75 0°1221 


Carbon dioxide above the iiquid. 
Stood 11 hours, 


12°5 40 8°75 21°-25° =0°1221 
12°5 40 8°78 0°1218 


In section A are given the results of experiments obtained 
by heating the mixture of persulphate, ammonio-ferrous sul- 
phate, sulphuric acid, and water, on the steam bath for ten 
minutes, at a temperature of 60°-80°. In section B are 
recorded the results of experiments in which the same mixture 
was allowed to stand 11 hours at the ordinary room tempera- 


* Gooch and Peters, this Journal, viii, 125. 
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ture. In the experiments recorded in section O, the air above 
the liquid was replaced by carbon dioxide. It is seen that the 
results of the experiments given in the three sections of the 
table agree quite closely with one another, and the average of 
these experiments gives a value to the persulphate solution of 
0°1217 grm. of the salt in 12°5 em’. 

Experiments were made in blank to discover the amount of 
ferrous salt oxidized in 11 hours by other agencies than the 
persulphate. The amount of oxidation in that time, however, 
was too small to be detected, but, when the solution was allowed 
to stand 36 hours a slight oxidation was noticed, which if eal- 
culated as persulphate, would be equivalent to 0°0006 grm. 
The correction for 11 hours standing, upon this basis, therefore, 
would be 0:0002 grm., which is obviously so small that it may 
be disregarded. This absence of any significant oxidation of 
the ferrous salt was undoubtedly due to the fact that the solu- 
tion of ammonio-ferrous sulphate had been standing some time 
before standardizing and was devoid of any active oxygen. 


Method of Grittzner. 


In testing the value of the persulphate solution according to 
the method of Griitzner,* the mixture containing the persul- 
phate, standard arsenite solution, and sodium hydroxide was 
raised to the boiling point, cooled, faintly acidified with sul- 
phuric acid, then made alkaline with potassium bicarbonate, 
and after adding a large excess of the last, the arsenite remain- 
ing unoxidized was titrated by iodine. Experiments made in 
blank, that is experiments in which the mixture of arsenite and 
alkaline hydroxide was raised to the boiling point, cooled, 
made acid with sulphuric acid, then alkaline with potassium 
bicarbonate, and titrated with iodine, showed a deficiency of 
arsenious acid as compared with the experiments, similarly 
conducted, in which the mixture was not subjected to heat. 
The effects of various specimens of sodium and potassium 
hydroxide were tested in the process—sodium and potassium 
hydroxide made by the alcohol process, potassium hydroxide 
by the barium hydroxide process, sodium hydroxide especially 
—— from sodium carbonate and calcium hydroxide—as 
well as a specimen of potassium carbonate. In the case of all 
but the potassium carbonate, more or less oxidation was ob- 
served, sometimes trifling, sometimes considerable. The same 
specimens of potassium and sodium hydroxides and potassium 
carbonate were tested in the absence of the arsenite solution, 
by dissolving them in water, heating the solution to the 
boiling point, cooling, adding sulphuric acid in faint excess and 


* Loc. cit. 
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then potassium bicarbonate, and titrating with iodine to a color 

without starch. In all cases, save that of the potassium car- 

| bonate, the color of the first drop of iodine solution added 

was destroyed, and from 0:06—0°19°™* were necessary to bring 
the permanent iodine color. The results of these experiments 
are given in Table IT. 


TABLE II. 
Arsenic solution No. 1. 
Iodine 
solution 
Arsenite required 
solution NaOH KOH K,CO; to bring 
taken. present. present. present. color. 
cm’, grm. grm. grm. cm’, Remarks. 
25 25-36 | NaOH by CaO,H,, aver- 
age of 4 experiments. 
25 6 25°29 KOH by alcohol. 
_. 2607 KOH by BaO,H,. 
Arsenic solution No. 2. 
25 = 25°54 
25 ee 6 ves 25°42 KOH by alcohol. 
25 he 6 he 25°30 KOH by BaO,H,,. 
25 6 25°56 


0°12 NaOH by CaO,H,,. 
0:06 NaOH by alcohol. 


6 0:06 KOH by alcohol. 

6 0:19 KOH by BaO,H.. 

2 0:07 KOH by BaO,H, 
6 0°02 


Potassium carbonate proves to be inefficient as a substitute 
for an alkaline hydroxide, but by using definite amounts of the 
hydroxide, and introducing a correction for the oxidation 
determined by the blank tests, the real oxidizing effect of the 
persulphate upon the arsenite may be deduced. Table III 
contains the values found by Griitzner’s process thus corrected, 
as well as uncorrected results. 


TABLE III. 
Ammonium (NH,4)2S205 
persulphate Calculated: corrected 
solution Arsenite NaOH by from Iodine for oxidation 
taken. solution. Ca0.Ha. actually used, in blank. 
cm’, grm. grm. grm. 
12°5 25 2 0°1223 0°1218 
12°5 25 2 0°1223 0°1218 
12°5 25 2 0°1225 0°1220 
12°5 25 2 0°1229 0°1220 


4 
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The average of the corrected figures gives a value to 12°5 em‘ 
of the persulphate solution of 0°1219 grm. of the salt. 


Method of Mondolfo. 


In certain experiments conducted as described by Mondolfo* 
a mixture, 25° in volume, containing 125°’ of the persul- 
phate solution, 1-0 grm. of potassium iodide, was heated in a 
stoppered bottle 10 minutes on the steam bath, and after cool- 
ing, the liberated iodine was titrated by thiosulphate. The 
readings were made without starch, which, however, was added 
afterwards to verify the observation. In other experiments, 
similarly conducted, the volume of the liquid containing the 
sonaighiin and the potassium iodide was increased to 100™ 
and the mixture heated 10 minutes on the steam bath, the 
temperature being 60°-S0°. The repeated return of the iodine 
color when the volame of the liquid was 100° showed plainly 
that only a partial redaction of the persulphate had taken place. 

When, however, the mixture at a volume of 100° was 
heated on the steam bath for 30 minutes, the results agreed 
with those obtained by the treatment at a volume of 25°. The 
results of these two sets of experiments are given in sections 
A and B of Table IV. After the iodine in the experiments 
which are recorded in section A of Table [V had been titrated 
by thiosulphate, sulphuric acid was added to the mixture and 
a blue color appeared immediately, showing, even in these ex- 
periments conducted at a volume of 25°™, that the reduction 
of the persulphate had been incomplete. This fact suggested 
a study of the effect of the presence of sulphuric acid on 
the process conducted otherwise as described by Mondolfo. 
Accordingly experiments were made similar to those already 
described excepting that a small amount of sulphuric acid was 

resent. The results of these experiments are given in section 
C of Table IV.. 

In a blank test made with 1° of sulphuric acid present, a 
small amount of iodine was liberated; and when, in a similar 
experiment the air over the liquid was replaced by carbon 
dioxide the amount of iodine liberated was less. The results 
of these experiments in blank are given in section D of Table 
IV. Itis seen from the results of experiments given in sec- 
tions A and B of the Table that the method as described by 
Mondolfo gives consiant results provided the volume is small 
and the heating prolonged. The instantaneous appearance of 
the iodine color upon acidifying with sulphuric acid showed, 
however, that a very small amount of the persulphate had 
escaped reduction. Still, the presence of sulphuric acid in the 


* Loc. cit. 
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- TABLE IV. 
(NH4)2820¢ - 
Ammonium Time Na.S.0; calculated 
persulphate H.S0,4 of required. from sodium 
solution, . KI. 1:1. Volume. heating. app N/10 found. 
cm, grm. cm’, em*, minutes. cm?, grm. 
A ‘ 
12°5 1°0 ae 25 10 10°65 0°1200 
12°5 1°0 esse 25 10 10°74 0°1210 
12°5 1°0 iss 25 30 10°73 0°1209 
B 
12°5 1:0 100 10 9°89* 071124 
| 12°5 1°0 100 10 8°99* 0°1013 
12°5 1:0 100 30 - 10°70 0°1206 
12°5 1:0 100 30 10°72 -0°1208 
12°5 1°0 cose SD 30 10°72 0°1208 
Cc 
12°5 1°0 0 05 25 30 10°78 071214 
125 10 0°05) =—.:100 30 10°81 0°1218 
12°5 10 1°0 100 30 10°81 0°1218 
.12°5 1°0 1°0 100 30 10°84 0°1221 
D 
1°0 100 30 0°00 0°0000 
1°0 1°0 100 30 0°07 0°0008 
1°0 1:0 100 30 0°10 0°0011 
1°0 1:0 100 80 0°03¢ 0°0003 


process is hardly to be recommended, because of the sensitive- 
ness of the hydriodic acid set free to the oxygen of the air and 
the oxygen dissolved in the water. The value of 12°5°™* of the 
persulphate solution obtained by the method of Mondolfo, 
found by averaging the results of experiments in sections A 
and B (omitting the first two experiments under section B) is 
01207 grm., while that found by averaging the results of ex- 
periments in section C and deducting the correction’ given in 
the experiments under section D is 0°1208 grm. 


Method of Namias. 


In the process for the estimation of persulphates carried out 
as described by Namias,t a mixture containing 12°5™ of the 
persulphate solution, 1°0 grm. of potassium fodide, and water 
sufficient in some experiments to make a volume of 25°, and 
in other experiments 100, was allowed to stand 11 hours in 
a stoppered bottle and the iodine set free was titrated by thio- 
sulphate. After the titration by thiosulphate the mixture was 
allowed to stand still longer, and 16 hours later the blue starch 
iodide color which had developed in the experiments with the 


* Color returned. + Air over liquid replaced by carbon dioxide. 
t Loc. cit. 
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volume of 100™* was destroyed by thiosulphate. No more color 
appeared on standing. The results of these experiments are 
given in section A of Table V. In section B of Table V are 
recorded experiments in which the mixtures were allowed to 


TABLE V. 
After 
standing 
calculated the number 
from iodine of hours 
Ammonium Volume Time Atmos- found indicated in 
persulphate to) of phere 11 hours the fourth 
solution. KI. liquid. standing. above standing. column. 
grm cm’, hrs. liquid. grm. grm. 
A 
12°5 1°0 25 26 air 0°1203 0°1203 
12°5 1:0 25 26 air 0°1196 0°1196 
12°5 1°0 100 26 air 0°1191 0°1207 
12°5 1:0 100 26 air 0°1190 0°1209 
B 
12°5 25 20 air 0°1211 
12°5 1°0 25 24 air ee 0°1213 
12°5 1:0 100 20 air 0°1211 
12°5 1:0 100 24 air 071211 
1°0 100 24 co, 00000 
12°5 1:0 25 20 co, 0°1216 
12°5 10 25 25 Co, 0°1214 
| 12°5 1°0 100 20 co, pwn 0°1212 
12°5 1:0 100 24 co, 0°1217 
Cc 
H,S0O, 1:1 
em?, 


12°5 1-0 25 25 air 0°1248 
12°5 1:0 100 24 air 10 0°1220 
12°5 10 24 air 0°1226 
12°5 1-0 25 17 CO, 0°05 071217 
12°5 1-0 25 24 CO, 0°05 071212 
12°5 10 17 co, 1-0 071222 
12°5 1:0 25 23 CO, 10 0°12238 
12°5 10 17 CO, 0°05 0°1214 
12°5 10 24 CO, 0°05 0°1214 
125 10 100 17 co, 1-0 071214 
12°5 10 24 co, 1°0 071219 

1:0 0°1220 

0 0°0014 
‘0 0°0006 

‘0 0°0011 

24 CO, 10 0-0003 
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stand 20-25 hours, the air about the liquid in some experi- 
ments being replaced by carbon dioxide. Though carbon di- 
oxide shows no tendency to liberate iodine in the blank test, 
the persul phate appears to liberate in its presence a little more 
iodine than in its absence. This experience naturally suggests 
an effect of acidity. The effect of the presence of sulphuric 
acid in the process otherwise conducted as described by Sissies 
was therefore tried, the air over the liquid being replaced by 
carbon dioxide. The results of these experiments are recorded 
in section C of Table V. 

It is seen from the experiments conducted as described by 
Namias that the reduction of the persulphates in the time 
stated by Namias, 10-12 hours, is plainly incomplete unless 
the volume of the liquid is small. If the experiments are con- 
ducted at the greater dilution the time of standing must be 
increased in order that subsequent standing may not result 
in the return of color. ° In the presence of sulphuric acid 
more iodine is liberated than in its absence, and the amount is 

reater when the air above the liquid is not replaced by carbon 
dioxide, and when the volume is small. The amounts of iodine 
liberated under similar conditions in blank experiments prove 
to be appreciable and naturally greater when the atmosphere 
above the liquid is air. When these amounts, averaging the 
equivalent of 0°0007 grm. of the persulphate when the atmos- 
phere is carbon dioxide, and about 00010 gram when the 
atmosphere is air, are deducted from the actual indication, the 
figures agree well with those found for the same amount when 
sulphuric acid is not present. Plainly, the addition of the acid 
mr 8 nothing to the regularity and value of the process. The 
value of 125 cm® of the persulphate solution obtained by the 
method of Namias is 0°1208 grm. 


Arseniate—Iodide Method. 


The estimation of chlorates is accomplished according to 
Gooch and Smith* by allowing a mixture containing the 
chlorate, a definite amount of standard potassium iodide solu- 
tion, an arseniate, 20™ of 1:1 sulphuric acid, to boil from a 
volume of about 100° to 35™; the difference between the 
amount of iodine required to oxidize the arsenious acid pro- 
duced and the amount of iodine in the potassium -iodide origi- 
nally present being the measure of the chlorate taken. It is 
interesting to note that persulphates can be estimated in a 
similar manner. Mixtures containing 12°5™ of the persulphate 
solution, 0°5 grm. of potassium iodide, 2°3 grm. of hydrogen 


* This Journal xlii, 220. 
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potassium arseniate, and 20° of 1:1 sulphuric acid, and water 
enough to make the total volume about 100°’, were boiled in 
-a trapped Erlenmeyer beaker until the volume decreased to 
35", and the arsenite present after the solution was made 
alkaline with potassium bicarbonate was estimated with iodine. 
The results of these experiments are given in Table VII. 


TaBLE VII. 
Todine 
required Iodine (NH,4)2S20¢ 
Ammonium for liberated equivalent 
persulphate KI oxidation by to iodine 
solution. present. of arsenite. persulphate. liberated. 
grm. grm. grm. grm. 
12°5 0°1875 0°0514 0°1361 0°1225 
12°5 0°1875 0°0522 0°1352 0°1217 
12°5 0°1875 .0°0514 0°1361 0°1225 
12°5 0°1875 0°0516 0°1359 0°1222 


These results agree closely with one another and in the aver- 
age, 0°1222 grm., accord well with the results of the process of 
Griitzner and of LeBlane and Eckhardt. 

To compare the values obtained for the persulphate solution 
the averages of the results obtained by the different methods, 
together with the average of all the experiments, are given 


in Table VI. 


TABLE VI. 
Number of Average of results. 
Process. . experiments. grm. 
LeBlane and Eckhardt 12 0°1217 
Griitzner (corrected) 4 071219 
Arseniate-iodide method .-.. 4 0°1222 
Average of whole ---. 0°1213 


The results obtained by the process of Mondolfo and the 
rocess of Namias, both of which involve the liberation of 
lodine from potassium iodide and the titration of that iodine 
by thiosulphate, are practically identical and lower than the 
results obtained by the other three methods. The results 
obtained by the process of LeBlanc and Eckardt in which the 
persulphate is reduced by « ferrous salt, by the process of 
Griitzner in which an arsenite solution is the reducing agent, 
and the arseniate iodide method in which the persulphate is 
determined by the difference between the amount of iodine in 


Am. Jour. Sc1.—Fourts Series, Vout. XII, No. .71.—Novemper, 1901. 
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an iodide added and the amount necessary to oxidize the arsen- 
ite remaining after boiling the solution, are all in quite close 
agreement and are all higher than those obtained by the pro- 
cesses of Namias or Mondolfo. 

It is readily seen that the results of the experiments obtained 
by the process of LeBlanc and Eckardt are nearer the average 
of the results of all the methods than those of Namias or the 
similar process of Mondolfo, and this fact would show that the 
statements of Namias regarding the inaccuracy of the method 
of estimating persulphates by the reduction with a ferrous salt 
is without foundation. 

The process of LeBlane and Eckardt is simple, rapid and 
convenient. The method of Griitzner is advantageous in 
that the ordinary arsenite solution is the standard for the pro- 
cess, but requires the application of a correction. The method 
of Mondolfo is simple and fairly rapid, but tends to give low 
results. The method of Namias is slow because the experi- 
ments must stand 10 to 12 hours, and the results of these ex- 
pena, like those obtained by the method of Mondolfo, are 
ower than the results obtained by the other methods. The 
arseniate-iodide method introduced as a control, is accurate 
but less simple than the other methods. 

We wish to thank Professor F. A. Gooch for help given 
during the progress of this investigation. 
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Art. XLI. — Studies of Eocene Mammalia in the Marsh 
Collection, Peabody Museum ; by J. L. WortMan. 


[Continued from p. 296.] 


The Vertebre.—With the exception of the right half of the 
atlas, and perhaps more than half of the caudals, the Vertebral 
column is present in its entirety ; it is preserved, moreover, 
very nearly in its natural position, with the vertebre inter- 
locked in such a manner that there can be no doubt whatever 
of the presacral formula. 

The atlas bears a very strong resemblance to that of the 
felines. The transverse process is proportionally less extended 
and does not project so far behind the facets for the axis ; it is 
emarginate behind, considerably thickened, and pierced by the 
canal for the vertebral artery much as in the cats. The ante- 
rior margin of the process displays a deep notch, in which the 
artery winds forward in its course to the sinus atlantis. This 
latter has much the same relative size, position, and relation as 
in the felines. The cup-shaped articular facets for the con- 
dyles are large and roomy, the tubercle for the transverse 
ligament prominent, and the superior arch is of good breadth. 

As Scott has remarked of Jesonyx, the axis exhibits some 
peculiarities, the most conspicuous of which is the very large 
backwardly projecting spine. The odontoid is rather long and 
conical, the atlantal facets are large and slightly convex, the 
body is strongly keeled, and the transverse process long and 
tapering. The spine rises high above the body ; it projects 
comparatively little forward, reaching only opposite to the root 
of the odontoid, but posteriorly it is produced into a long 
ar ous * rocess, which overhangs nearly the entire third cer- 
vical. 1e remaining cervicals, like the atlas and axis, are 

roportionally stout and heavy, evidently in relation with the 
arge size of the head. Their neural spines increase rapidly in 
height, that of the last almost ‘amine in length that of 
the first dorsal. The bodies of all the anterior cervicals have 
strong inferior: keels which bifureate posteriorly and terminate 
in two long protuberances. The plan of arrangement of the 
transverse processes is similar to that of the Carnassidents. 
The costal processes or inferior lamelle are small in the ante- 
rior vertebrie, but increase rapidly in size to the seventh. The 
vertebra prominens has a simple transverse process, which is 
not perforated by the vertebrarterial canal. 

.The dorso-lumbar formula is 19, as in the Marsupials, 
whereas it is very generally 20 among the Carnassidents. There 
is reason to believe that all the Creodonts had the marsupial 
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rather than the carnassident formula.* The dorsals are twelve 
in number, and of these the neural spine of the first is broad, 
flat, and greatly elongated; it is the longest of the series, those 
of the succeeding vertebre gradually decreasing in height to 
the eleventh or anticlinal vertebra. The spines have a very 
backward slope up to this point, where they change abruptly 
to a forward direction. This, as far as I am aware, is the 
point at which the anticlinal occurs in most of the Carnassi- 
dents. On the eighth dorsal, metapophyses make their appear- 
ance and increase in size posteriorly, but there are apparently 
no representatives of the anapophyses 

The lumbars are seven in number; they have short, broad, 
neural spines and heavy, keeled centra, increasing in size from 
before backward to the antepenultimate, which is the largest. 
The transverse processes are long and thin, with a forward and 
downward direction. The zygapophyses are powerful and, as 
Cope has observed, are closely interlocking. The articulation 
is effected by means of the half-cylindrical postzygapophyses 
fitting into half-cylindrical prezygapophyses. They differ 
materially from those of some other Creodonts, notably 
Patriofelis, in which they are sigmoid in cross-section. 

The sacrum is somewhat damaged, but enough remains to 
show that the auricular process was large and rugose, that the 
og were of moderate size, and that there were very prob- 
ably three vertebrae entering into its composition. It is rela- 
tively very narrow. The caudals are much weathered and 
many are missing. The proximal ones are short and propor- 
tionally but little larger than those of the dog. Those from a 
more posterior position are long and slender, but not much 
more so than those of many of the modern Carnassidents. 
There is no means of jndging of the length of the tail, but in 
comparison with such a type as Patriofelis, the tail was 
reduced and slender. This supposition comports well with 
the highly-developed cursorial habits of these forms. 

Ribs and Sternum.—There are twelve pairs of ribs, and for 
a member of the Carnivora, the anterior ones are remarkably 
broad and flat; they are, indeed, much more like those of an 
Ungulate than a Carnivore. The first is short and stout. The 
third is the broadest, those posterior to it becoming gradually 
narrower to the eighth, which is slender and subround in trans- 
verse section. All the ribs have a well-developed tubereulum 
and capitulum, with the exception of the last three, in which 
the tuberculum is absent. As compared with that of the dog, 
the capacity of the thoracic cavity was apparently considerably 
smaller. Some four or five of the sternebre, figure 45, are 


* An exception to this must be made in the case of Oxyena lupina, in which 
the formula is the same as in the Carnassidentia. It is probably likewise true 
that its successor Patriofelis had the same formula, 
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preserved with the skeleton, but not being in place, it is not 
absolutely certain just how they should be arranged. They 
are so strikingly different from the narrow elongate sternals of 
any of the modern Carnivora, that, were they found separately, 
one would scarcely suspect that they belonged to an animal of 
this order. On comparison with the corresponding bones of 
the Marsupials, however, especially those of an opossum, 
figure 46, they are seen to bear a very decided resemblance,— 
so marked, in fact, that I have no hesitancy in arranging them 
after this species. The presternal piece is missing as well as 


45 46 


Figure 45.—Ventral view of the sternum of Dromocyon vorax Marsh; one- 
fourth natural size. ' (Type.) 

Fiecre 46.—Ventral view of the sternum of an opossum, Didelphys virginana ; 
natural size. 


the xiphisternum, but apparently all the mesosternal segments 
are represented. The anterior one of these is long and narrow, 
but the succeeding ones widen rapidly and become characteris- 
tically broad and flat. There is evidence of five of these pieces, 
the last being the widest, as in the opossum. This latter seg- 
ment has a thickened ventral keel which is confined to the 
posterior end ; its truncated extremity furnishes a thickened 
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base for articulation with the xiphisternum. This decided 
marsupial aspect of the sternum adds but another character to 
the already full list of osteological features in which the two 
groups resemble each other. 

Fore Limb.—The scapula bears a general resemblance to 
that of the felines. A prominent spine divides the external 
surface into two subsequent fossee, and terminates proximally 
in a rather short blunt acromion. The metacromion is not a 
distinct process, as in the cats, but consists of a more or less 
distinct lamina overhanging the glenoid border. The neck of 
the bone is relatively longer than that of either the dog or the 
eat. The glenoid cavity is oval and rather shallow, and the 
coracoid is small. The coracoid border is much curved and is 
interrupted by a very wide superscapular notch. The glenoid 
border is straight and much thicker than the coracoid border. 
The area for the origin of the teres major is very distinct, 
being separated by a well-defined ridge from the main part of 
the posterior fossa. 

Lying immediately beneath the glenoid cavity, imbedded in 
the matrix, was found a small splint-like bone, which without 
doubt represents the clavicle; it apparently has an articular 
surface at one end, probably for contact with the acromion. 
The bone is broken so as not to display its full length, but, 
judging from its size, it is hardly probable that it soared the 
manubrium. It appears to resemble the clavicle of the Dasyure 
more than that.of any of the living Carnivores. 

The humeri are both considerably crushed in the proximal 
half of their extent, and, on this account, do not display the 
characters of this region very distinctly. The head is very. 
convex from before backward and somewhat pointed behind. 
The greater tuberosity is prominent and extends above the 
level of the head; the postero-external border is drawn out 
into a broad laminate process, which reaches well backward. 
The lesser tuberosity is prominent, and there is a broad shallow 
bicipital groove. The character of the deltoid crest is much 
obscured on account of the crushing, but it appears to be con- 
siderably reduced from the more primitive Creodont condition. 
The distal end resembles that of the dog more closely than that 
of any other living mammal; it is much compressed from side 
to side—more so than in the dog,—the external condyle is little 

rotuberant, and the supinator ridge is much reduced. The 
internal condyle projects behind oak slightly below the edge of 
the trochlea, and is separated from it inferiorly by a deep notch. 
The anconeal and anticubital fosse are very deep, and are 
placed in communication with each other by means of a large 
supertrochlear foramen. There is no entepicondylar foramen. 
The distal articular surface is divided by a very distinct 
rounded ridge into capitular and trochlear portions, both of 
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which are very concave from side to side, and convex from 
before backward. In its transverse concavity, the capitulum 
differs from that of the dog, in which it is nearly flat. The 
humerus and scapula are of nearly equal length. 
The ulna, figure 47, differs from that of the dog in being 
shorter, heavier, and stouter in every way. The olecranon is 


of great proportional length, and in 
this respect, like so many other 
Creodonts, betrays its marsupial re- 
lationship. The proximal end is 
traversed by a vertical groove, the 
inner or radial lip of which is un- 
usually prominent. The sigmoid 
cavity is deep ; its posterior wall is 
hook-shaped, and considerably over- 
hangs the articular surface. The 
shaft is somewhat flattened from 
side to side and is traversed by a 
deep longitudinal groove. The sty- 
loid process is rather short and 
obtuse. 

The radius, figure 47, is about 
equal to that of the dog in size, 
although somewhat shorter; it is 
not quite as long as the humerus, 
and is a little longer than the fore 
foot. The proximal articular sur- 
face is flattened from before back- 
ward, and ‘the proximal extremity 
articulates with the entire distal end 
of the humerus. This surface may 
be described as having a central 
concavity, with a rounded sloping 
edge internally, and an anteriorly 
beveled articular face, occupying 
the antero-external angle. The ar- 
ticular surface for the ulna is much 
flattened as in the dog, and is con- 
fined entirely to the under side, so 
that the power of pronation and 
supination was not greater than in 
the living Canide. The tubercle 
for the insertion of the biceps is 
placed upon the outside, just below 
the proximal extremity, as in the 
dog, and is small. The shaft is oval 
in transverse section, slightly curved, 
and has a well-marked ridge upon its 


47 


Figure 47.--Right ulna and 
radius of Dromocyon vorax 
Marsh; front view; one-half 
natural size. (Type.) 

The radius is represented as 
slipped down below its natural 
position. 
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inner border. The distal extremity is enlarged, rugose, flat- 
tened from before backwards, and presents many sulci for the 
passage of tendons. The articular surface is concave in both 


Figure 48.—Right manus of Dromocyon vorax Marsh; front view; three- 
fourths natural size. (Type.) 
¢, cuneiform; wu, unciform; m, magnum; tm, trapezium; ¢d, trapezoid; s, 
scaphoid ; ce, centrale; J, lunar; p, pisiform; III, phalanges of third digit. 


directions, and is divided by a distinct fore and aft ridge into 
an outer and an inner facet for contact with the scaphoid and 
lunar, respectively. 

[To be continued.] 
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Art. XLII.—TZhe Carboniferous and Permian Age of the 
Red Beds of Eastern Oklahoma from Stratigraphic Hvi- 
dence; by I. ADAms. 


[Published by permission of the Director of the U. S. Geological Survey.] 


Various opinions have been expressed from time to time 
concerning the age of the Red Beds of Oklahoma. By some 
they have been called Triassic and by others Permian, but 
because of the general absence of fossils and the lack of strati- 
graphic work they have remained an uncertain group. Collee- 
tions of fossils made by C. N. Gould at White Horse Springs, 
sixteen miles west of Alva, from the Red Bluff formation of 
Cragin, situated one hundred feet or more above the gypsum 
ledges, have been determined by Schuchert and Beede as Upper 
Permian forms.* Vertebrate remains from Orlando in Logan 
County and from Hardin in Kay County, although not fully 
studied, are considered by S. W. Williston as equivalent to 
Cope’s Lower Permian fauna from the Wichita beds of Cum. 
mins in northern Texas.t The writer has recently done some 
stratigraphic work which has a direct bearing on the problem 
of the Red Beds, and it is believed that it supplies a correct 
interpretation of the beds and furnishes a basis for future 
detailed study of them. ; 

In tracing the outcrops of the limestone formations of the 
Carboniferous of Kansas, the writer observed that in going 
southward there is a gradual transition in the character of the 
sediments to those which are more arenaceous, and that there 
is a thickening of the shales and sandstones and a thinning and 
final disappearance of some of the limestones. Moreover, in 
describing the shales of the higher portion of the Carboniferous 
and the lower portion of the Permian, the occurrence of 
purplish and maroon-colored shales was noted. The signifi- 
cance of these observations was not fully known, since the work 
of the Kansas survey was limited by the State line. In study- 
ing the oil and gas fields of Kansas and Indian Territory,t the 
writer traced to the southwestward the extension of the out- 
crop of the Fort Scott limestone from the southern border 
of Kansas into Indian Territory. It extends from west of 
Chetopa in Kansas to Chelsea, Claremore and Catoosa, and 
thence to the Arkansas river west of Weer, when it becomes 
inconspicuous. The horizon as marked by the associated sand- 
stones was followed to a point between Holdenville and 

* Amer. Geologist, vol xx. No. 1, p. 46. 


+ Article not yet published. 
¢ Forthcoming Bulletin U. 8. Geol. Survey. 
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Wewoka. This made possible the correlation of the Kansas 
section of the Carboniferous with the Indian Territory section, 
thus far worked out by Mr. Joseph A. Taff and the writer.* 
It appears that there are in the Choctaw Nation 9,000 feet of 
shales and sandstones above the lowest productive coal, which 
are lower than the Fort Scott limestone and its equivalent, 
while in southeastern Kansas there are but 450 feet of shales 
and sandstones between the Fort Scott limestone and the Missis- 
sippian or Lower Carboniferous. It will be observed that the 
line of outcrop of the limestone as above traced diagonals the 
divisions of the Coal Measures as drawn by N. F. Draket+ and 
the horizon extends into the area which he erroneously called 
Permian. 

The results of tracing this horizon strengthened the writer’s 
conviction that similar work in the higher portion of the sec- 
tion would determine the relation of the Red Beds to known 
formations in Kansas, and in June a trip was made through 
the Osage Nation into Oklahoma. The previous geological 
work which had been done in this locality by Drake and by 
Gould consisted of sections across the rocks and did not permit 
of accurate correlations.t The formation which was selected 
to be traced is the limestone described tn the writer’s field 
notes as the Elk Falls. It occurs about 700 feet below the 
base of the Permian as determined by Prosser. It was chosen 
because, from its thickness and its relation to the adjacent for- 
mations, it was believed that it would be found persistent for 
a considerable distance southwestward. The line of its outcrop 
was followed from near Hewins, Kansas, and it was found to 

ass just west of Pawhuska, where it is the equivalent of the 

awhuska limestone, named by J. P. Smith, and mentioned 
in the sections by Drake and Gould. In southern Kansas, 
there are two heavy ledges of limestone separated by shales. 
In the Osage Nation, although it has not been previously so 
noted, there are three, all of which are persistent as far as the 
Arkansas river, although considerably thinner southward. The 
line of outcrop crosses the Arkansas river at Blackburn and 
continues to Ingalls, where it is the same as the limestones 
mentioned by Gould in his section made east of that place. 


Southwest of Ingalls the limestone becomes thinner. Its strike 
will carry it across the Cimarron river near Perkins. From 
Ingalls the route followed by the writer was to Ripley and 
thence to Chandler. In traveling southward, the shales and 
* Coalgate Folio, U. 8. Geol. Survey. 


+ Proc. Amer. Philos. Soc., vol. xxxvi, p. 326. 
fv Journal, March, 1901, p. 185. 


Vide vol. iii, Kans. Univ. Geol. Surv. 
Jour. Geol., vol. ii, p. 199. 
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sandstones associated with the limestones were seen to become 
gradually redder in color. South of the Arkansas river they 
are typical Red Beds, In going from Ingalls to Chandler and 


= 
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Stroud, one Freee over formations which are much lower geo- 
logically, and they are likewise red in color. 


t appears, therefore, that rocks in Eastern Oklahoma which 
have been referred to the Red Beds on lithologice grounds, are 
in part of Upper Carboniferous or Coal Measure age. The 
sedimentation from the Carboniferous into the Permian is an 
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unbroken sequence. From what is known of the Permian 
limestones of Kansas, they will be found, when followed south- 
ward, to diminish in thickness, and this change will be accom- 
panied by a transition to more sandy beds. This is in accord- 
ance with the observations made by Mr. Gould. The age of 
that portion of the Red Beds which is in strike with the 
Permian of Kansas may confidently be expected to be found 
to be of Permian age. This is in accordance with the evidence 
already furnished by the vertebrate fossils. Above the 
Permian limestones in Kansas occur the Wellington shales, 
which are bluish and greenish gray in color. They are prob- 
ably represented southwestward by formations which are red. 
The succeeding formations are typical Red Beds, and have 
thus far yielded only Permian fossils. Upon the accompany- 
ing map (p. 385) the approximate line of transition in color has 
been drawn with the purpose of showing that it is diagonal to 
the strike of the Carbeutforems and Permian formations. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PuHysiIcs. 


1. A New Method for Producing Aniline and the Analogous 
Bases.—It has been found by Sapatier and SEnDERENS that free 
hydrogen, acting at a slightly elevated temperature in the pres- 
ence of certain finely-divided metals, is capable of attaching 
itself to the molecules of a number of unsaturated organic com- 
pounds, and that this method of hydrogenation is capable of 
very readily transforming nitro-benzol and analogous nitro-com- 
pounds into aniline and the corresponding bases. Copper (pre- 
pared by the reduction of its oxide) at a temperature of about 
300° to 400° acts rapidly upon a mixture of nitro-benzol and 
hydrogen, the latter being in excess. The reaction is prac- 
tically complete, the aniline is almost colorless, and the metal is 
not altered by continued use. Nickel acts even more readily 
than copper, and it may be used for this reaction at about 200° ; 
but it is liable to cause an excessive fixation of hydrogen, for at 
250° some ammonia and benzol are formed, while at 300°, with a 
large excess of hydrogen, methane and ammonia are the chief 
products. Platinum-blacksponge, and platinized asbestos effect 
the reduction of nitro-benzol and similar bodies at a temperature 
of about 230°-210°. Water-gas or purified illuminating-gas may 
be substituted for hydrogen in these reductions; in fact, in the 
case where copper is used, carbon monoxide takes part in the 
reaction, being oxidized to carbon dioxide to a considerable 
extent. In view of the cheapness of water-gas, it is expected 
that this method will find practical application in the manufac- 
ture of aniline, in place of the customary reduction in the wet 
way by means of a metal and an acid.— Comptes Rendus, cxxxiii, 
321. H. L. W. 

2. On the Existence of Ammonium.—An unsuccessful attempt 
to isolate ammonium has been made by Otro Rurr. In the first 
place, potassium iodide was dissolved in liquified ammonia in a 
cell which branched into two compartments at the bottom, and 
an electric current was passed through the liquid by means of 
ncaa wires which passed through the bottoms of the two 

ranches, the cell being kept at a temperature of —70°. Under 
these conditions very small drops of a liquid having a metallic 
appearance with the color of copper were formed at the negative 
pole, and these dissolved in the ammonia, giving the intense blue 
color which potassium-ammonium, KNH,, is known to give. 
Similar experiments were then conducted with ammonium iodide 
in place of the potassium iodide, but in this case hydrogen was 
continually given off, and no blue color, nor any other evidence 
of the formation of ammonium, was observed. The last experi- 
ment was repeated with a closed cell so that the evolved hydro- 
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gen would produce a high pressure; but even at a calculated 
pressure of 60 atmospheres the appearance of the products did 
not change. These experiments indicate that free ammonium is 
incapable of existence even at —70° and at a high pressuré.— 
Berichte, xxxiv, 2604. H. L. W. 

3. A Modified Gooch-Crucible—W. C. Heraxus is manufac- 
turing filtering crucibles, the bottoms of which are made of 
spongy platinum. This device was suggested to the manufac- 
turer by Dr. Neubauer of Breslau and is called the Neubauer 
crucible, It is stated that the porous bottom is strong, and that, 
with reasonable care, precipitates may be scraped off with a 
spatula. The crucible filters rapidly with a good suction-pump, 
and yet retains the finest precipitates, such as freshly precipitated 
barium sulphate and silver-chloride. Such exceedingly fine pre- 
cipitates and gelatinous ones, however, soon form a layer through 
which the liquid cannot pass, so that this modification has the 
same limitations in filtering as the ordinary Gooch-crucible where 
an asbestos filter is used. The Neubauer crucible possesses the 
disadvantage that it cannot be used for filtering and igniting 

recipitates which cannot be dissolved out of the porous platinum. 

t is stated that, on this account, barium sulphate should not be 
weighed in these crucibles ; but, since this substance is readily 
soluble in hot, concentrated sulphuric acid, there is no doubt that 
it would present no obstacle to a chemist acquainted with the 
proper solvent. The advantages of nearly constant weight, and 
of the possibility of dissolving precipitates in hydrofluoric acid, 
appear to be the chief reasons for using the new device in prefer- 
ence to the customary one.—Zeitschr. fiir angewandte Chemie, 
Xxxvii, 923. H. L. W. 

4. Radio-active Lead.—It has been mentioned previously in 
this department of the Journal that Hormann and Reucens have 
obtained radio-active lead salts from various rare minerals. These 
authors have recently described further investigations upon the 
subject, and are still of the opinion that this radio-active sub- 
stance differs in many respects from ordinary lead in its chemical 
behavior, but they have not yet obtained it in a pure state. They 
find that, while the various salts of radio-active lead have nearly 
the same action upon the electroscope, only the sulphate is 
capable of acting upon the Oh et plate through glass or 
aluminum ; moreover, the sulphate becomes particularly active 
in the latter respect after having been evaporated with nitric and 
sulphuric acids, or after having been ignited at 450° for 15 hours 
with access of air. It appears also, that while radio-active lead 
sulphate acts more energetically upon the photographic plate 
than certain polonium (radio-active bismuth) preparations, the 
latter have a much greater action in discharging the electroscope. 
The authors believe that it follows from this that the rays 
detected by photographic means are not identical with those 
which produce electric discharges.— Berichte, xxxiv, 3033. 

H. L. W. 
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5. A Salt of Quadrivalent Antimony.—It has been found by 
We tts and Merzcer that the. black, or rather very dark blue, 
salt, Cs,SbCl,, which was described by Setterberg in 1882 as 
crystallizing in short prisms, is really octahedral in form, and 
that it crystallizes isomorphously with Cs,PbCl,, giving crystals 
of various shades of green when mixed with this yellow salt. 
The octahedral form is characteristic of a large number of double 
chlorides of quadrivalent elements, like K,PtCl,; hence it is 
probable that Setterberg’s salt contains antimony tetrachloride. 
Attempts were made to prepare SbCl,, or to find some evidence 
of its existence, but without success. It should be black in color, 
and the oxide corresponding to it should be black also ; hence it 
is probable that the well known oxide SbO,, being white, does 
not correspond to the tetrachloride—Amer. Chem. Jour., xxvi, 
268. H. L. W. 

6. A New Method for the Gravimetric Determination of Tel- 
lurium.—GutTsB1eR has found that hydrazine hydrate and the salts 
of this base readily precipitate telluriam quantitatively from 
solutions of all tellurium compounds, and he highly recommends 
this method for the determination of this element. The precipi- 
tation is made in a nearly neutral or in a hydrochloric acid solu- 
tion, and the precipitated metal is made flocculent before filtering 
by boiling the liquid. It is remarkable to notice that the author 
recommends weighing the tellurium on a paper filter, since the 
Gooch-filter is far better adapted for the purpose. The test- 
analyses given are satislactory.— Berichte, xxxiv,2724. E. W. 

7. Diffusion of Hydrogen through Palladium.—The depend- 
ence of this diffusion upon pressure of the diffusing gas is the 
subject of a study by A. WitnKELMANN. It was found that the 
quantity of hydrogen which diffuses through glowing palladium 
is not proportional to the pressure of the hydrogen. With 
diminishing pressure the quantity of gas is greater than this 
supposition demands. If one supposes that a dissociation of 
hydrogen occurs, and that the diffusing quantity is proportional 
to the pressure of the dissociated molecules, then the facts can 
be sufficiently explained. It is evident on this supposition that 
only the atom and not the molecule of hydrogen passes through 
the glowing palladium.— Ann. der Physik., No. 9, 1901, pp. 104- 
115. J. T. 

8. Cathode Rays.—The emission theory of these rays appears 
to be the prevailing one, at least in Germany. W. Serrz has 
undertaken a study of the questions, what is the action between 
the emission particles and the material atoms or molecules in case 
that the latter can be considered at rest in comparison with the 
great velocity of the rays, whether one has to deal with fric- 
tional forces or conservative forces, and whether attraction or 
repulsion is exerted. For the study of these questions there 
appear to be two ways open: the study of reflection and that 
of the phenomena presented by the passage of the rays through 
thin membranes. It was found that the cathode rays are dif- 
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fusively reflected from metal surfaces connected to the earth. 
With aluminum, zine, iron, and copper, the maximum of intensity 
of the reflected rays was displaced toward the mirror. While 
with platinum, silver, and gold, the reflection was strongest 
in a direction between that of the incidence ray and the normal to 
the metal surface. In the case of the first class of metals the 
reflection increases with the angle of incident ; and with the last 
class diminishes, At perpendicular incidence the reflective 
ower increases with the atomic weight. Zinc departs slightly 
rom this law. The absorption of cathode rays in thin plates is 
independent of the tension. The absorption-coefficient increases 
with the thickness of the window through which the rays pass. ° 
Lenard’s law that thin plates of different metals, having equal 
masses per unit of surface, absorb the same fraction of the inci- 
dent rays, is only a first approximation. The increase of the 
absorption-coefficient, with the thickness of the window, cannot 
be explained by the assumption that the electrons lose their 
velocity by friction with the molecules and are then absorbed, 
for no difference is observed between the magnetic and electric 
deflection of the rays in the case where they pass direct from 
the cathode, or in the case where they have passed through an 
aluminum window. Moreover, the rays emerging obliquely from 
the window behave in the same manner as those emerging along 
the normal to the window. The following values were obtained: 
v = 0°703.10"; <. = 0°645.10°.—Ann. der Physik, No. 9, 1901, 
pp. 1-33. J. T. 
9. Photography of the Infra-Red Spectra of the Alkali-metals. 
—H. Leumann describes the method of sensitizing plates for the 
red portion of the spectra, and adopted Burbanks’ sensitizing 
bath, which is constituted as follows : 


Cyanine solution (Burbanks) 
wbtrate (1 2.48) 5 drops 


This enabled the author to photograph the spectra of glowing 
metallic paper as far as 1000 yp. The arrangement of spectrum 
apparatus is fully described. Five new lines of rubidium and 
nine of cesium were discovered.—Ann. der Physik, No. 7, pp. 
633-658. J. T. 
10. Ether and Gravitational Matter through Infinite Space.— 
In the course of an article on this subject, Lorp Kevin thus 
remarks upon-the old hypothesis that if we could see far enough 
into space the whole sky would be seen occupied with discs of 
stars all of perhaps the same brightness as our own sun, and that 
the reason why the whole of the night sky and day sky is not as 
bright as the sun’s disc, is that light suffers absorption in travel- 


ing through space. 
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‘Now we have irrefragable dynamics proving that the whole 
life of our sun as a luminary is a very moderate number of 
million of years, probably less than 50 million, possibly between 
50 and 100 million! To be very liberal, let us give each of our 
stars a life of a hundred million years as a luminary. Thus the 
time taken by light to travel from the outlying stars of our 
sphere to the center would be about three and a quarter million 
times the life of a star. Hence if all the stars through our vast 
sphere commenced shining at the same time, three and a quarter 
million times the life of a star would pass before the commence- 
ment of light reaching the earth from the outlying stars, and at 
no one instant would light be reaching the earth from more than 
an excessively small proportion of all the stars. To make the 
whole sky aglow with the light of all the stars at the same time 
the commencement of the different stars must be timed earlier 
and earlier for the more and more distant ones so that the time 
of the arrival of the light of every one of these at the earth 
may fall within the durations of the lights at the earth of all the 
others.” — Phil. Mag., August, 1901, pp. 161-177. J. T. 

11. Nineteenth Century Cloud over the Dynamical Theory of 
Heat and Light.—Lorp KeEtvin classifies these clouds as fol- 
lows: Cloud I. Relative motion of ether and ponderable bodies. 
Lord Kelvin discusses the various theories in regard to the con- 
stitution of the ether, and in the course of this discussion remarks 
upon the suggestion of Fitzgerald and of Lorenz, that the motion 
of ether through matter may slightly alter its linear dimensions— 
“according to which if the stone slab, constituting the sole plate 
of Michelson and Morley’s apparatus, had in virtue of its motion 
through space occupied by the ether, its linear dimensions short- 
ened one one-hundred-millionth in the direction of motion—the 
result of the experiment would not disprove the free motion of 
ether through space occupied by the earth.” The author still 
regards cloud I as very dense. Cloud II arises from a proposition 
first enunciated by Waterston, which is as follows: 

“In mixed media the mean square molecular velocity is 
inversely proportional to the specific weight of the molecule. 
This is the law of the equilibrium of vis viva.” Without an 
knowledge of the paper of Waterston, Maxwell, in 1859, enunci- 
ated the following proposition: “Two systems of particles move 
in the same vessel : to prove that the mean vis viva of each parti- 
cle will become the same in the two systems.” This is also 
Waterston’s proposition regarding the law of partition of energy. 
Lord Kelvin does not regard either the proof of Waterston or 
that of Maxwell successful. The subsequent theorems of Boltz- 
mann and Maxwell in regard to the equality of mean kinetic 
energies, are also criticised. Lord Kelvin, after an exhaustive 
criticism of the Boltzmann and Maxwell law, quotes Lord Ray- 
leigh’s remarks on the difficulties connected with the application 
of the law of equal partition of energy to actual gases (Phil. 
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Mag., Jan., 1900), and remarks upon the sentence, “ What would 
appear to be wanted is some escape from the destructive sim- 
plicity of the general conclusions.” ‘The simplest way of 
arriving at this desired result is to deny the conclusion, and so, 
in the beginning of the twentieth century, to lose sight of a 
cloud which has obscured the brilliance of the molecular theor 
of heat and light during the last quarter of the semen 
century.” —Phil. Mag., July, 1901, pp. 1-40. J. 7. 

12. The Resistance and Electromotive forces of the Electric 
Are.—W. DuppeE vt has carried ona series of experiments having 
as their object the measurement of the resistance of the electric 
are under various conditions, as also of the electromotive forces 
present. The method adopted involved the use of a steady cur- 
rent to which a testing current of high frequency (120,000 
periods per second) was added. The measurements of impedance 
and the power factor were made by the three voltmeter method, 
employing (1) an alternator for high frequency ; (2) a new, very 
delicate instrement, called a “ thermo-galvanometer,” to measure 
the three voltages and (3) a standard resistance for comparison 
of the impedance of the arc, having a time constant of only 
2°7 10~’ second. 

Some of the results obtained are as follows. The true resistance 
of an arc 3™ long between 11™™ solid carbons, through which a 
9°91 ampere current was flowing, was 3°81 ohms. The whole dif- 
ference of potential was 49°8 volts, of which 37°8 was accounted 
for by the ohmic drop, the real E.M.F. opposing the flow of cur- 
rent being 12 volts. With cored carbons the resistance was found 
to be 2°54 ohms and the back E.M.F. 16-9 volts. With increase 
of the direct current the back E.M.F. first decreased and then 
increased, the minimum value being 11°3 volts for 6 amperes. 
With the direct current constant, increase of arc length increased 
the resistance. Further the composition of the electrodes was 
found to have great influence on the resistance and back E.M.F. 
Thus with direct current and are length constant, soaking the 
solid carbons in potassium carbonate reduced the resistance 
from 3°81 to 2°92 ohms and increased the back E.M.F. from 
12 to 15°6 volts. It is suggested that perfectly pure carbons 
would probably make the resistance so great that the mainten- 
ance of the are would be impossible, traces of impurities being 
essential 

The author concludes that the arc resistance consists of three 
parts; thus, for the case above noted, of (1) the resistance at or 
near the contact of the positive electrode and the vapor column 
of 1°61 ohms ; (2) the resistance of the vapor column of 2°5 ohms ; 
(3) the resistance between the latter and the negative carbon of 
118 ohms. The back E.M.F. consists of two parts located at 
or near the contact between the electrodes and the vapor column. 
That at the positive electrode, about 17 volts, opposes the flow of 
the direct current, while that at the negative electrode, about 6 
volts, helps the flow of the direct current, i. e., is a forward E.M.F. 
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The greater part of these two E.M.F.’s are considered as due to 
thermo-electric forces, and special experiments are noted which 
support this view.—Proc. Roy. Soc., No. 450, p. 512. 

13. Unsolved Problems in Low-Temperature Research.—An 
essay by Miss Acnres M. Crerxk, author of “A Popular His- 
tory of Astronomy during the Nineteenth Century,” upon Low- 
Temperature Research at the Royal Institution of Great Britain, 
1893-1900, has recently been issued. It gives an admirably 
clear and complete summary of this most interesting subject, 
and closes with the following chapter. 

“The development of low-temperature chemistry is one of the 
most striking features of scientific history during the last decade 
of the nineteenth century. Many questions of profound interest 
have been answered through its means, and a partial insight has 
been gained into some of the most recondite secrets of nature. 
The unigue condition attends it, that the ne plus ultra cannot 
recede as it advances. The absolute zero forms an irremovable 
landmark, a boundary line that may not be transgressed, an 
asymptote, as it were, to the curve of future progress. And 
every step nearer to it is harder to take than the previous one. 
Among many causes of augmenting difficulty is the circumstance 
that the molecular latent heats of vaporization diminish with the 
absolute boiling point. Hence, a continually more lavish expendi- 
ture of frigorific material is necessitated, and of material the 
price of which, in money and labor, rises rapidly with its 
frigorific efficacy. Still, although the bottom of the tempera- 
ture-scale may never be actually reached, the intervening space 
will surely be much abridged. But we shall never, it is safe to 
predict, assist at the ‘death of matter.’ At the stage arrived at, 
there is no sign of its being moribund. Forces still act within 
and upon it. Gravity and cohesion maintain their normal power. 
It sensibly impedes the passage of electricity in the purest and 
most highly conducting metals. Its minute particles can take up 
and modify luminous vibrations. Only chemical affinity seems 
to be extinct ; the various species of matter cease to react upon 
each other. The next cryogenic achievement, it is true, may 
alter the situation as we now see it. Our present standing- 
ground may be subverted, for the inquiry is just now in a critical 
phase. The liquefaction of helium, for example, may prove 
decisive of many things—it may set at rest some doubts, and 
raise unlooked-for issues. 

The conditions for its accomplishment were clearly set forth 
in the Bakerian Lecture. They may be realized by the use of 
methods actually available. This last fortress of gaseity cannot 
be regarded as impregnable, although its capture will be at a 
high monetary cost. Gaseous helium, to begin with, is of the 
utmost scarcity ; and what is scarce demands outlay to procure. 
Its condensation can be effected only by subjecting it to the 
same process that succeeds with hydrogen, substituting, how- 
ever, liquid hydrogen under exhaustion for liquid air as the pri- 
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mary cooling agent. As the upshot, a liquid will be at hand, 
boiling at about 5° absolute, or —268° C., but more expensive 
than liquid hydrogen, in a much higher ratio than liquid hydro- 
gen is more expensive than liquid air. By comparison, ‘ potable 
gold’ would be a cheap fluid. Nor could the precious metal, in 
that, or any other form, be employed for a higher intellectual 
‘ than in. promoting and extending researches of such 
oundless promise and commanding interest as those conducted 
at the Royal Institution.” 


II. GroLtocgy anpD MINERALOGY. 


1. Geological Survey of Canada. G. M. Dawson, Director. 
Annual Report (New Series) Vol. XI. Reports A, D, F, G, J, L, 
M, 8, for 1898. Pp. 853, 20 platesand figures in text, 7 maps. 
Ottawa, 1901.—The first of these, the Summary Report of the 
Director, has already been mentioned in these pages. 

Report D on the Yellowhead Pass Route is by James McEvoy. 
The region traversed extends from Edmonton and Strathcona on 
the north, Saskatchewan River westward to the Athabasca River 
valley, and thence up through the Yellowhead Mountain pass 
and into the Frazer River valley, ending at Téte Jaune Cache. 
The formations, their names and correlations, are as follows, viz : 


Tertiary Paskapoo beds . 
Edmonton beds 
Pierre and Fox Hill. 


Devono-Carboniferous. 

. Castle Mountain group. 
Cambrian Bow River series. 
Archean Shuswap series. 


D. B. Dowling, in F and G, reports on the Geology of the 
West shore and Islands of Lake Winnipeg (F), and on the East 
shore of Lake Winnipeg and adjacent parts of Manitoba and 
Keewatin, from personal surveys and supplemented by notes made 
by his predecessor, J. B. Tyrrell. The formations recognized are 
compared with those described in the Geology of Minnesota, 
Vol. II. The correlations are as follows, viz : 

? Utica Stony Mountain formation = Richmond Group. 
Upper Mottled limestone = Maclurea beds. 


Trenton = Fusispira and Nematopora 


~ | Lower mottled limestone = Clitambonites beds. 
? Black River Winnipeg sandstone and shales, 


Collections of fossils from some of these formations have 
already been described by J. F. Whiteaves in Paleozoic Fossils, 
Vol. III, Parts If and III. 
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R. W. Ells contributes report J on the Geology of the Three 
Rivers Map-Sheet, Quebec. North of the St. Lawrence the 
Potsdam, Calciferous, Chazy, Black River and Trenton forma- 
tions are recognized. Lists of the fossils collected from them 
are reported by H. M. Ami. The “Medina” outlier south of 
the St. Lawrence is defined. 

A. P. Low reports (L) on the South shore of Hudson Strait 
and Ungava Bay. The rocks there met with are ancient crystal- 
lines, igneous intrusions, altered shales and schists, dolomites and 
iron ores, the latter possibly of Cambrian age, . 

Robert Bell contributes report M on the topography and 
geology of the northern side of Hudson Strait. The fossiliferous 
rocks are of Trenton and Niagara age, and Devonian fossils are 
reported from the southern side of Southampton island. <A 
remarkable feature in the geology on the north shore of the 
strait are the twelve bands of white crystalline limestone alternat- 
ing with bands of gneiss. Dr. Bell estimates the total thickness 
of these limestones to be not less than 30,000 feet. Lists of the 
plants of Hudson Strait and of the Lepidoptera of Baffin Land 
are appended. 

The closing reports are R, The Report of the Section of Chem- 
istry and Mineralogy, by G. Christian Hoffmann, and 8, The 
Report of the Section of Mineral Statistics and Mines by E. D. 
Ingall. H. S. W. 

2. Geological Survey of Canada. Rosert Beir, Acting- 
Director. Catalogue of the Marine Invertebrata of Eastern 
Canada ; by J. F. Wuireaves ; pp. 1-271. Ottawa, 1901.— 
The Catalogue is a report on the present state of our knowledge 
of the marine invertebrata of the Bay of Fundy, Atlantic Coast 
of Nova Scotia, and gulf and mouth of the River St. Lawrence, 
as far as the Strait of Belle Isle. H. S. W. 

3. Geological and Natural History Survey of Minnesota, 
1900-1901. Vol. VI of the Final Report. Geological Atlas 
with Synoptical descriptions ; by N. H. WixcuEety. 88 geograph- 
ical and geological plates with accompanying descriptive text.— 
In this closing volume of the survey, begun twenty-eight years 
ago, the author offers the following as his final classification of the 
geological formations of the State of Minnesota : 


Ft. Pierre 
Niobrara 
Ft. Benton 


Cretaceous 
| Dakota. 


Hamilton 
Devonian Marcellus ? 
. Corniferous. 
ee Hudson River 


Silurian Galena 


Trenton. 
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[ St. Peter 
Shakopee 

Richmond 
Upper J} Lower Magnesian 

Cambrian } Jordan 
St. Lawrence } St. Croix Series. 
Dresbach 
| Hinckley sandstone, passing down into 


( Potsdam Red sandstone, interbedded with 
Manitou Lavas, and 

Potsdam Quartzite (at New Allen ) Middle 
and the Puckwunge Conglomerate { Cambrian. 
Cabotian (igneous) 

Taconic \ Red Rock Apobsidian red granite 


Gabbro and its varieties and Lavas | Lower 
Animikie f Cambrian. 
Slates and Quartzite 

| Taconite and Quartzite J 
Granite, Syenite, etc. Laurentian. 


Crystalline schists and gneiss Coutchiching. 
Various fragmentals 
Kawishiwin Greenstone 


Archean 


H. 8. W. 

4, Iowa Geological Survey. Vol. XI. Administrative Reports. 
SamvuEt Carvin, State Geologist. Pp. 1-579. Pls. i-xii, figures 
1-43. 9 maps. Des Moines, 1901.—This volume carries forward 
the detailed Survey of the State of Ohio by the present staff of 
geologists to cover the counties of Louisa, Marion, Pottawat- 
tamie, Cedar, Page, Clay and O’Brien. In the report on Cedar 
County we note that Professor Norton transfers the Coggan 
formation from the Silurian, to which it was previously referred, 
to the Devonian system, with which it is more naturally referred 
by its few though diagnostic fossils. H. 8. W. 

5. Dragons of the Air, an account of Extinct Flying Reptiles; 
by H. G. Sextey; pp. 1-232, and 80 illustrations. London, 
1901 (Methuen & Co.).—The close kinship between a fascinating 
novel and a well-written popular book of science is illustrated by 
Professor Seeley’s story of the “Dragons of the Air.” A thor- 
ough grasp of the scientific facts in the case is united with a rare 
power of imagination and of pictorial description, which would 
have served the historical novelist as successfully as it has the 
paleontologist in the present case. The sense of the marvelous is 
used legitimately at the outset by introducing the mythical 
dragons and angels, and finding even greater anomalies in the 
actual wings of fish, frogs, lizards, squirrels and cats, and teeth 
in birds and beaks in reptiles and mammals. 

The Ornithosaurs, the scientific name of these flying dragons, 
are not described in order to magnify the oddities of nature, but 
the author has sought to show the natural affinities of a most 
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peculiar group of organisms to those living and more familiar types 
of structure, the reptiles, birds and mammals. Step by step the 
peculiarities of the structure of the rare bones are compared 
with known structures in other animals. The reconstructions 
made become understood and real and reasonable; and the 
reader, though unfamiliar at the outset with the technical names, 
leaves the book with a new vocabulary which means something 
real to him. While extremely skillful in picturing his own con- 
ceptions of the animals represented by the fossils siudied, the 
author is also precise and scientifically accurate. Whatever criti- 
cism may be made of his classifications or of the affinities assigned, 
the reasons for them are definitely based upon the observed facts. 
The Ornithosauria are traced for origin not directly to reptiles 
or birds, as now known and defined, but rather to unknown 
ancient stock, in which were combined rudimentary characters 
which, by elimination of some and modification of others, have 
resulted in the differentiations represented by the Reptilian, Bird, 
Ornithosaurian and Mammalian types. 

“If we ask,” the author writes, “what started the Ornitho- 
saurian into existence, and created the plan of construction of 
that animal type, I think science is justified in boldly affirming 
that the initial cause can only be sought under the development 
of patagial membranes such as have been-seen in various animals 
ministering to flight.” But there was “no geological history of 
the rapid or gradual development of the wing finger, and 
although the wing membrane may be accepted as its cause of 
existence, the wing tinger is powerfully developed in the oldest 
known Pterodactyles as in their latest representatives.” “ Ptero- 
dactyles show singularly little Variation in structure in their 
geological history,” and what there was has to do chiefly with 
loss of characters early possessed or variations in size and parts. 

Regarding the affinities of the Ornithosaurs the author remarks, 
“It would therefore appear from the vital community of struc- 
tures with Birds, that Pterodactyles and Birds are two parallel 
groups, which may be regarded as ancient divergent forks of the 
same branch of animal life, which became distinguished from 
each other by acquiring the different condition of skin, and the 
structures which were developed in cunsequence of the bony 
skeleton ministering to flight in different ways; and with dif- 
ferent habit of terrestrial progression this extinct group of ani- 
mals acquired some modifications of the skeleton which Birds 
have not shown. There is nothing to suggest that Pterodactyles 
are a branch from Birds, but their relation to Birds is much 
closer, so far as the skeleton goes, than is their relation with the 
flightless Dinosaurs, with which Birds and Pterodactyles have 
many characters in common.” The book will prove as useful to 
the paleontologist as to the general reader, for it furnishes a brief 
but clear and systematically arranged compendium of the chief 
facts known regarding this unique group of extinct animals. 

The illustrations are not the least important feature of the 
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book. They furnish a definite idea of the morphology of these 
animals, however much of this idea may have been contributed by 
the author. H. 8S. W. 

6. Contributions to Mineralogy and Petrography from the 
Laboratories of the Sheffield Scientific School of Yale Uni- 
versity ; edited by S. L. Penrretp and L. V. Pirsson. Pp. 482, 
8vo. New York, 1901 (Charles Scribner’s Sons).—This volume 
forms one of the series of Yale Bicentennial publications men- 
tioned in the last number (p. 321). It is devoted to the min- 
eralogical and petrographical work of the University. Part I, 
edited by Professor Penfield, opens with an interesting summary 
of the development of mineralogy at New Haven from the 
appointment of Professor Benjamin Silliman in 1802 to the 
present time; the record of work accomplished and of the influence 
thus exerted on the progress of the science in the world is a 
remarkable one. A bibliography follows including some two 
hundred and twenty-five titles of papers and books published 
since 1849. A list is also given of the new species described, 
thirty-six in number, and of species whose chemical compositiou 
or crystallization has been established. The bulk of the volume, 
pp. 30-377, is given to selected papers reprinted largely from the 
pages of this Journal. The first of these is the one by Prof. 
G. J. Brush on American Spodumene ; among others are the 
Branchville papers by Brush and Dana, and numerous important 
researches chiefly by Penfield and his students. ; 

Following the mineralogical part of the volume is Part II, 
pp. 381-480, devoted to petrography. This includes a brief 
history of the department and nine reprinted papers ; this por- 
tion of the volume has been edited by Professor L. V. Pirsson. 

7. On a large Phlogopite Crystal; by W. Harvey McNarrn. 
(Communicated.)—A crystal of phlogopite, of unusual and proba- 
bly unexampled size, was discovered in a mica mine near Syden- 
ham, Frontenac ©o., Ontario, at a depth of about 30™. The 
vein, which occurs in pyroxenite, is about 10" wide and consists 
of mica imbedded in pyroxene. Next to the hanging wall there 
is a layer of calcite enclosing and occasionally replaced by 
apatite. On the other side there occurs a dark green, cleavable 
pyroxene which gradually changes into the pyroxenite. The 
crystal traversed the vein from S.W. to N.E. in an approx- 
imately horizontal direction. It was a clear, dark colored, amber 
phlogopite of an excellent quality for electrical purposes. The 
outline of the cross-section was roughly hexagonal and it had the 
spindle shape frequently observed in elongated crystals of the 
micas. At the point measured, which was slightly past the 
greatest diameter, the cleavage face was 1°5™ x 2™, and at that 
time about 5™ of the total length had been removed. As far as 
one could tell there was a considerable amount still left in the 
matrix. Sheets of the full size, however, were not available as 
the crystal was divided longitudinally by a parting which joined 
two diagonally opposite corners. 

University of Toronto. 
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8. Handbuch der Mineralogie ; von Dr. Cart Hrxrzz. Erster 
Band, sechste Lieferung, pp. 801-960. Leipzig, 1901.—The sixth 
part of Vol. I of Hintze’s Mineralogy (part eighteen of the 
whole work) has recently been issued. It contains descriptions 
of the sulphides of the pyrite, marcasite and chalcopyrite 


groups. 


III. Scrientiric INTELLIGENCE. 


1. Meteorite Swarms.— The results of an investigation into 
the probabilities of the existence of meteorite swarms, their 
petrographic nature, and their relation if any to known star 
showers, are given in a recent paper* by A. G. Hécrom. For 
this investigation the meteorite falls of known date were plotted 
according to the day of the month and the petrographical nature 
of each as given by Wiilfing. Some groupings seemingly sig- 
nificant were thus disclosed. Thus of the nine known Howard- 
ites, three are found to have fallen during the first days of 
August and three during the first half of December. The proba- 
bilities against such a grouping being a mere coincidence are 
stated to be several thousand to one. 

Of the three known Eukrites two fell June 13-15. According 
to the author the chances are as 90 to 1 that these had a common 
origin. 

Of the fifteen known ‘ Crystalline Chondrites” four fell March 
19-25 ; three Sept. 16-24, two May 22-27, two Aug. 8-15 and 
four were variously distributed. Of fifteen “Intermediate 
Veined Chondrites” three fell April 9-12. These correspond in 
date with the star shower of the Lyrids. 

With respect to other groups of Chondrites, groups depending 
in Brezina’s or Wiilfing’s classification. on the presence or absence 
of such features as vein structure or brecciated structure, the 
author states that he regards such characters not suitable for the 
distinction of meteorite swarms. The same opinion is expressed 
regarding minor differences of chemical composition, since this 
may vary in one and the same mass. With the December 
Howardites meteorites of the types of Bustite, Chladnite and 
Amphoterite have a common date of fall. A Chladnite, a How- 
ardite and a Howarditic Chondrite have the same date of fall 
with the June Eukrites. A Chassignite, two Howarditic Chon- 
drites and a Howardite have the first of October as a common 
date fall. The iron meteorites of known date of fall are also 
found to have dates approaching those previously traced. Of 
the eight known, one fell near the time of the August and one 
that of the December Howardites ; one has the same date and is 
only two years later than the Howardite of July 14, and one (or 
two) is associated with the Howarditic Chondrite and Chladnite of 


* Bulletin of the Geol. Inst of the University of Upsala, vol. v, Part I, No. 9, 
pp. 132-143. 
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the last of March. Also the single known Lodranite which 
closely resembles an iron meteorite accords in its time of fall 
with the Howardites and related types of the first of. October. 

If any ground has thus been established for believing that 
meteorites of the same approximate date of fall have a common 
origin, then the constitution indicated for some of the swarms at 
least is that of a combination of a rock rich in anorthite with 
one rich in iron, It is suggested that these types have arisen by 
differentiation of a common magma, such as has occurred in some 
ultra-basic terrestrial magmas. The regularly varying composi- 
tion of moldavite is referred to as an illustration of such dif- 
ferentiation. 

Lines connecting dates of falls through succeeding years are 
found for the most part to incline to the left, showing that the 
swarms are met continually earlier by the earth. This is shown 
to be what might be expected through the deformation of a 
swarm by the earth’s attraction. Little or no connection of 
meteorite swarms with known star showers is observed. The 
meteorite falls reach their maximum in number the middle of 
June and their minimum the last of October. 

On the whole the probability of the existence of meteorite 
swarms which are met by the earth at recurrent dates in its 
yearly revolution is shown to be considerable and the careful 
record of the date of fall of as many meteorites as possible is 
urged for purposes of further investigation. 0. C. F. 

2. The American Philosophical Society.—The American 
Philosophical Society of Philadelphia announces, in a circular 
dated October 16, that it will in future, in addition to its usual 
semi-monthly meetings, hold at least one general meeting in each 

ear. For 1902 it has been decided that this general meeting 
shall be held in Easter week. Members desiring to present 
papers, either for themselves or others, are requested to send to 
the secretaries at as early a date as practicable and not later 
than February 15th, 1902, the titles of the papers, accompanied 
by a brief abstract, so that they may be duly announced on the 
program which will be issued immediately thereafter and which 
will give in detail the arrangements for the meeting. The pub- 
lication committee, under the rules of the Society, will arrange 
for the immediate publication of the papers presented. A general 
committee of twenty-six gentleman from different parts of the 
country has the whole matter in charge. Professor George F. 
Barker is the Chairman and Mr. I. Minis Hays, Secretary. 

The circular, in remarking upon the national character of this 
venerable Society—founded in 1743—expresses the expectation 
that this general meeting “from the information to be derived 
from the papers presented and their discussion by those most 
competent to add to our knowledge, will attract the members of 
the Society from all parts of the country to their mutual advan- 
tage as well as to that of this, the first and oldest scientific society 
in America, and one of the oldest in the world.” 
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“A Weekly Feast to Nourish Hungry Minds.”—J. Y. Zvangeiis?. 


FOUNDED BY E. LITTELL IN 1844 


HE LIVING AGE, one of the oldest and most widely-known of 
American literary magazines, was founded by E. Lirretu in 1844, 
and has been published weekly without interruption for fifty-seven 


years. 
It presents the cream of foreign periodical literature, and reprints 


without abridgment the most noteworthy essays, travel sketches, fiction, 
social and political papers, and discussions of literary, artistic and scientific 
subjects from the leading quarterlies, monthly magazines and reviews, and 
literary and scientific weekly journals. 

To these long-established and distinctive features, it has added an 
editorial department, devoted to ‘‘Books and Authors,” in which are pub- 
lished, weekly, paragraphs of literary news and comment, and careful, 
honest and discriminating notices of the more important new publications. 


THE LIVING AGE 


Holds a unique position in the periodical world as a weekly eclectic maga- 
zine. Intelligent Americans who want presented to them from week to 
week the most important and timely articles from foreign periodicals find 
what they want in Tue Livinc Ace, and can find it nowhere else. 


THE LIVING AGE 


Is a weekly sixty-four page magazine, which prints in the course of a year 
twice as much matter as most of the monthly magazines, and is able, by 
reason of its wide field of selection, to publish articles by a Jarger number 
of writers of the first rank than any other magazine. 


Special Announcement to New Subscribers for!902 


FREE ! To all New Subscribers to THE LIVING AGE for the year 1902 


there will be sent FREE, until the edition is exhausted, the SEVEN-= 
§ TEEN WEEKLY ISSUES for the four months, September, 
October, November and December, 1901. 
323°SEND AT ONCE AND SECURE ADVANTACE OF THIS SPLENDID OFFER 
P. 0. Box 5206 THE LIVING AG= COMPANY, BOSTON 


Subscription Price, Six Dollars a Year. Single Number, Fifteen Cents 


THE LIVING ACE COMPANY 


P. O. Box 5206 13 BROMFIELD STREET, BOSTON 
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Just out: 


THE NEW PENFIELD COLLECTION OF CRYSTAL-MODELS 


225 models to illustrate Chapter V of the 
Brush-Penfield Determinative Mineralogy and Blowpipe Analysis. 


“A feature of the collection is that with only a few exceptions the models rep- — 
resent prominent types or habits of common minerals. . . . The models, moreover, 
illustrate a very important feature of crystals, namely that the forms which are 
prominent and determine the crystal habit are, with few exceptions, those to 
which simple indices may be assigned. 

“Tt is certain that those who are studying crystallography will find it a great 
advantage to have at hand not only models which correspond to a standard text, 
but, also, types which have been carefully selected as representatives of the 
important classes of crystals in the mineral kingdom.”—SamvuEL L. PENFIELD. 


New Haven, Conn., February 1, 1901. 
Collection of 225 models (of pear-tree wood), . . ; 230 Marks. 


Now ready: 


The new collection of 335 specimens and sections 


of rocks, 
according to 


H. Rosenbusch: Elemente der Gesteinslehre, 2d ed., 1901, 


Accompanied by a text-book: “ Petrographisches Praktikum,” giving a short 
description of the petrographical microscope and how to use it, and also of the 
macroscopical and microscopical features of all the specimens of this collection; 
Arranged by Prof. Dr. K. Busz of Miinster 1.W. 

This collection is intended for the practical use of students and contains typical 
representatives of all important types of rocks, massive as well as sedimentary 
and crystalline schists. Aided by the text-book it will be found easy to become 
acquainted with the use of the microscope, with the features exhibited by rock- 
forming minerals and with determination of the latter. 

Out of this collection two smaller ones have been arranged of 250 and 165 
specimens respectively : 


Collection i. 335 specimens of rocks, . 380 Marks. 
Ts, 335 thin sections, 3 ‘ 420 
IL. 250 specimens of rocks, . 270 
If*. 250 thin sections, 2 $16: * 
III. . 165 specimens of rocks, . ‘ 170...“ 
165 thin sections, . 205 * 
Collections of Minerals, Fossils, Meteorites acini for cash or 
exchanged. 


DR. KRRANTZ, 


RHENISH MINERAL OFFICE, 


BONN-ON-RHINE, GERMANY. 
ESTABLISHED 1833. ESTABLISHED 1833. 
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MINERALS. 


New arrivals being of more especial interest, we wish to 
call attention to some of our latest. We will send them 
on approval to responsible parties, and assure, that all 
communications will receive our prompt and careful atten- 


tion. 
SPAIN. 


Sphalerite. Handsome cleavages, of a clear, transparent quality, 
50c. to $3.00 


Hydrozincite, from the same locality. Mammillary forms. 
75c. to $1.25 


Glauberite, from Ciempozuelas, near Madrid. Nicely trimmed 
groups of well terminated crystals.............sccccceeeseeeeeeeees 50c. to $1.50 


Aragonite, Crystallized Cinnabar, and other interesting 
species from this locality. 


NEW YORK. 


We offer a number of species from Antwerp. The minerals from this 
locality were obtained from old collections, as the mines have been filled 


with water for some time. 


Millerite, fine, needle-like crystals, arranged in tufts or scattered in 


Chalcodite, good, shapely specimens, showing the velvety coating 


Hematite, interesting combinations of black crystals on the massive 


Golden Pear!l-Spar, Siderite, Quartz coating Hema- 
tite, etc., in choice specimens at reasonable prices. 


VIRGINIA. 


Albite. Finely crystallized, from Amelia. One large museum group 
and a few cabinet specimens..............cccccccccoscccececsccescsees 25c. to $4.00 


Moonstone. The Albite variety. Rough or polished on one side. 


Amazon Stone, from the same locality; good color’....... 25c. to $1.50 
GEMS. 


Our stock of cut gems is constantly changing. It includes many beauti- 
ful and precious stones, among them being Rubies, Sapphires, 
Emeralds, Opals, Golden Beryls, Aquamarines, Ame- 
thysts, Garnets, Tourmalines, etc., etc. Weights and prices 
furnished on application. 


Waro's Naturat Science ESTABLISHMENT, 
76—104 COLLEGE AVE., ROCHESTER, N. Y. 
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The American Journal of Science 


ESTABLISHED BY BENJAMIN SILLIMAN IN 1818. 


THE LEADING SCIENTIFIC JOURNAL IN THE UNITED STATES. 


Devoted to the yy ew and Natural Sciences, with oo refer- 
ence to Physics and Chemistry on the one hand, and to logy and 
Mineralogy on the other. 

Editor: Epwarp 8S. DANA. 


Associate Editors: Professor GEORGE L. GOODALE, JOHN TROWBRIDGE, 
W. G. FarLow and Wm. M. Davis, of Cambridge; Professors A. E. 
VERRILL, HENRY S. WILLIAMS and L. V. Prrsson, of New Haven; Pro- 
fessor G. F. BARKER, of Philadelphia; Professor JosEPH S. AMES, of 
Baltimore; Mr. J. S. DILLER, of Washington. 


Two volumes annually, in MONTHLY NUMBERS of about 80 pages each. 


This Journal ended its first series of 50 volumes as a quarterly in 1845; its 
second series of 50 volumes as a two-monthly in 1870; its third series as a 
monthly ended Deceniber, 1895. A FourtTH SERIES commenced in January, 
1896. 


ContTRIBUTORS should send their Articles two months before the time of issuing 
the number for which they are intended. The title of communications and the 
names of authors must be fully given. Notice is always to be given when com- 
munications offered have been, or are to be, published also in other Journals. 

Thirty separate copies of each article will be furnished to the author free of 
cost and without previous notice from him, They will be provided with a plain 
cover (but with reference to volume and year). If the author orders separate 
copies, they will be understood to be in addition to the thirty mentioned above, and 
he will receive a bill for the extra expense involved, as also for that of a printed 
cover (with title, etc.), when this is specially ordered. These charges will conform 
to the following schedule; the rates will be somewhat increased if the article is 
accompanied by plates. 


No. Copies. 50 100 | 200 300 | 500 
| $2.25 | $2.75 | $3.25 | $4.25 
2.75 3.25 3.75 4.50 6.00 
66 8.96 4.00 | 5.00 5.75 | 7.50 
.-| $1.00 | $1.25 | $1.75 | $2.26 | $3.00 


Subscription price $6 per year or 50 cents a number, postage prepaid in the 
United States; $6.40 to foreign subscribers of countries in the Postal Union. A 
few sets on sale of the first, second and third series at reduced prices. Ten-vol- 
ume index numbers on hand for the second and third series. 

(> Ten-volume Index, Vols. I-X, fourth series, price one dollar, Now ready. 


Address, 
THE AMERICAN JOURNAL OF SCIENCE, 
New Haven, Conn. 
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Meteorite Collection for Sale. 


LONDON, SEPTEMBER, 1901. 


The Meteorite Collection of the late Mr. James R. 
GreEGorY, of this city, is now offered for sale by order of his 
executors. 

This collection has long been well known as the Largest Private 
Collection of Meteorites in Europe. It was made by Mr. 
Gregory during a period of nearly thirty years, at a time when meteorites 
were of much easier obtaining than they are at the present day, Thus it 
contains many very rare forms, and in pieces of liberal size. Fully 300 
kinds are represented in the collection; all of them well authenticated and 
-well preserved. The whole make a series of extraordinary richness and 
value, which would be a unique acquisition for the museum of any college 
or university. The collection will be sold only as a whole, for the fixed 
price of $15,000. 

Parties considering purchase may obtain further information and a 
printed catalogue of the collection noting its full contents, by addressing 

VICTOR H. GREGORY, 
29 Shaftesbury Road, 
Ravenscourt Park W., 
or Pror. HENRY A. WARD, London, Eng. 
620 Division St., Chicago, Ill. 


BAKER & CO. 
METALLURGISTS IN PLATINUM 


410 N. J. R. R. AVE., NEWARK, N. J. 


Beg to announce that 
they are the sole Licen- 
sees for the manufacture 
of the Shimer Crucible. 

Having the following 
advantages : 

It uses air instead of oxygen. 


It requires no combustion tube. 

It secures the complete combustion 
of graphite. There is no waste of heat. 

We are also the sole manufacturers 
of. the Tucker Apparatus and the 
Howard Density Regulator. 


SHIMER CRUCIBLE 


Our ‘‘Data Concerning Platinum, 
Etc.,” and our brochures on the above specialties, should be in every chemist’s 
library. They are free on request. 


N. Y. OFFICE, 120 LIBERTY STREET 
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LAZARD CAHN 


DEALER IN 


CHOICE SPECIMENS OF MINERALS, 


143 East 21st Street (Gramercy Park), New York. 


In the September number of this Journal, Penfield and Ford describe Calaverite 
i from several of the Cripple Creek mines ; the first occurrence to which they call 
attention is from the Monument mine, and nine of the crystals are illustrated by 
figures 2 to 10. 

They were found over two years ago and work on the property has since been 
suspended. The material in our possession is limited to fifteen or twenty crys- 
tals: 

Matrix specimens of Sylvanite, Calaverite and Krennerite from other mines of 
the great gold camp were obtained during the summer and our present stock 
includes a number of well crystallized examples of these species. 

In a former issue we advertized a new find of Tourmalines from San Diego 
County, California. A great deal of work has since been done at the locality at 
considerable expense, and as a result, a larger supply has been secured’ which far 
surpasses the first in the quality, variety of color and the size of the crystals. 
The green tourmalines have their individuality and certain black ones having red 
cores are a decided novelty ; as for the Rubellites, it seems to us ‘perfectly safe to 
say that such a series has never before been brought together in any collection, 
) either American or foreign, private or public. They commend themselves by 
being far cheaper than the Russian, with which they compare in some respects. 

A four months’ trip through the country enabled us to gather many minerals of 
rare interest to Eastern and European patrons; we now have on hand a number 
of the silver, bismuth and lead Sulphantimonites from the Red Mountain and 
Sneffels Districts in Colorado, including cobellite, cosalite, beegerite, alaskaite and 
the very rare matildite. From the Grizzly Bear Mine near Ouray, we obtained 
three unusually choice rhodochrosites associated with pure white quartz and cal- 
cite; from Mt. Sierra Blanca, vandiestite, the new silver telluride; from the Tintic 
District in Utah, the best anglesites ever introduced in the east, two chenevixites 
and numerous other copper arsenates; from Arizona, choice azurites from a new 
mine, beautiful calcites colored green by inclusions of malachite, splendid coppers 
and cuprites from Bisbee and Globe, and from Yuma County, one superb 
wulfenite. 

The Lake Superior region was also revisited and the purchase of a fine suite of 
Calcites, some of which are remarkable for their great wealth in forms, was 
accomplished; a few exceptional coppers and silver, two or three Datolite 
groups showing crystals of phenomenal size, were also secured. 


INSPECTION INVITED. 
CORRESPONDENCE SOLICITED. 
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